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INTRODUCTION. 



A SUMMARY OF CONCLUSIONS. 

The results of the study concerning the value of high steam-pressures in 
locomotive service, the details of which are presented by succeeding pages, 
may be summarized as follows : 

1. The results apply only to practice involving single-expansion locomo- 
tives using saturated steam. Pressures specified are to be accepted as run- 
ning pressures. They are not necessarily those at which safety valves open. 

2. Tests have been made to determine the performance of a typical 
locomotive when operating under a variety of conditions with reference to 
speed, power, and steam-pressure. The results of one hundred such tests 
have been made of record. 

3. The steam consumption under normal conditions of running has been 
established as follows: 

Boiler pressure 1 20 pounds, steam per indicated horsepower hour 29 . i pounds. 
Boiler pressure 140 pounds, steam per indicated horsepower hour 27.7 pounds. 
Boiler pressure 160 pounds, steam per indicated horsepower hour 26.6 pounds. 
Boiler pressure 1 80 pounds, steam per indicated horsepower hour 26 . o pounds. 
Boiler pressure 200 pounds, steam per indicated horsepower hour 25 . 5 pounds. 
Boiler pressure 220 pounds, steam per indicated horsepower hour 25. i pounds. 
Boiler pressure 240 pounds, steam per indicated horsepower hour 24 . 7 pounds. 

4. The results show that the higher the pressure, the smaller the pos- 
sible gain resulting from a given increment of pressure. An increase of 
pressure from 160 to 200 pounds results in a saving of i.i pounds of steam 
per horsepower hour, while a similar change from 200 pounds to 240 pounds 
improves the performance only to the extent of 0.8 pound per horsepower 
hour. 

5. The coal consumption under normal conditions of running has been 
established as follows: 



Boiler pressure 1 20 pounds, coal per indicated horsepower hour 4 
Boiler pressure 140 pounds, coal per indicated horsepower hour 3 
Boiler pressure 160 ])ounds, coal per indicated horsepower hour 3 
Boiler pressure 180 pounds, coal per indicated horsepower hour 3 
Boiler pressure 200 pounds, coal per indicated horsepower hour 3 
Boiler pressure 220 pounds, coal per indicated horsepower hour 3 
Boiler pressure 240 pounds, coal per indicated horsepower hour 3 



00 pounds. 
77 pounds. 
59 pounds. 
50 pounds. 
43 pounds. 
37 pounds 
31 pounds. 
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6. An increase of pressure from i6o to 200 pounds results in a saving of 
o 16 xxjund of coal per horsepower hour, while a similar change from 200 
to 240 results in a saving of but o 12 pound. 

7. F/nder s^rrvice conditions, the improvement in penormar.ce with in- 
creav: of pressure will depend upon the degree of penection attending the 
maintf-nance of the locomotive. The values quoted in the preceding para- 
graphs assume a high order of maintenance. If this is lacking, it may 
easily happen that the saving which is anticipated through the adoption 
of higher pressures will entirely disappear. 

8. The difficulties to be met in the maintenance both of boiler and cylin- 
ders increase with increase of pressure. 

9. The results supply an accurate measure by which to determine the 
arlvantage of increasing the capacity of a boiler. For the development of 
a given pjower, any increase in boiler capacity brings its return in improved 
performance without adding to the cost of maintenance or opening any 
new avenues for incidental losses. As a means to improvement, it is more 
certain than that which is offered by increase of pressure. 

10. As the scale of pressure is ascended, an opportunity to further increase 
the weight of a locomotive should in many cases find expression in the design 
of a lx>iler of increased capacity rather than in one for higher pressures. 

11. Assuming 180 pounds pressure to have been accepted as standard, 
and assuming the maintenance to be of the highest order, it will be found 
g(X}(l practice to utilize any allowable increase in weight by providing a 
larger Ixjiler rather than by providing a stronger boiler to permit higher 
pressures. 

12. Wherever the maintenance is not of the highest order, the standard 
running pressure should be below 180 pounds. 

13. Wherever the water which must be used in boilers contains foaming 
or scale-making admixtures, best results are likely to be secured by fixing 
the running pressure below the limit of 180 pounds. 

14. A simple locomotive using saturated steam will render good and 
efficient service when the running pressure is as low as 160 pounds; under 
most favorable conditions, no argument is to be found in the economic 
performance of the engine which can justify the use of pressures greater 
than 2CK> |>ounds. 
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I. THE RESEARCH AND THE MEANS EMPLOYED IN ITS 

ADVANCEMENT. 

1. Steam-Pressures in Locomotive Service. — For many years past 
there has been a gradual but nevertheless a steady increase in the pressure of 
steam employed in American locomotive service. Between i860 and 1870 a 
pressure of 100 pounds per square inch was common. Before 1890 practice 
had carried the limit beyond 1 50 pounds. At the present time 200 pounds is 
most common, but an occasional resort to pressures above this limit suggests 
a disposition to exceed it. 

High steam-pressure does not necessarily imply high power. It is but 
one of the factors upon which power depends. The forces which are set up 
by the action of the engine are as much dependent upon cyUnder volume as 
upon boiler-pressure, and when the pressure is once determined the cylinders 
may be designed for any power. The limit in any case is to be found when 
the boiler can no longer generate sufficient steam to supply them. The rela- 
tion between pressure and power is therefore only an indirect one. But any- 
thing which makes the boiler of a locomotive more efficient in the generation 
of steam, or the engines more economical in their use of steam, will permit an 
extension in the limit of power. If, for example, it can be shown that higher 
steam-pressure promotes economy in the use of steam, higher steam-pressure 
at once becomes an indirect means for increasing power. The fact to be 
emphasized is that an argument in favor of higher steam-pressures must 
concern itself with the effects produced upon the economic performance of 
the boiler or engine. 

2. Preparations for an Experimental Study. — In view of the facts 
stated, and with the hope of ascertaining a logical basis from which to deter- 
mine what the pressure should be for a simple locomotive, using saturated 
steam, it was long ago determined to undertake an experimental study of 
the problem upon the testing plant of Purdue University. A few experi- 
ments involving the use of different steam-pressures in locomotive service 
were made at Purdue as early as 1895, but as the boiler of the locomotive 
then upon the testing-plant was not capable of withstanding pressures greater 
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than 150 pounds, these early tests were Umited in their scope.* The matter 
was, however, regarded as of such importance that in designing a new loco- 
motive for use upon the plant, a pressure of 250 poimds was specified — a 
limit which then was and still is considerably in advance of practice. Thus 
equipped, an elaborate investigation was outlined, involving a series of tests 
imder six different pressures, representing a sufficient number of different 
speeds and cut-offs to define the performance of the locomotive under a 
great range of conditions. But the expense of operating the locomotive 
under very high steam-pressures proved to be so great that the limited 
funds which could be devoted to the operations of the laboratory, in com- 
bination with the demands of students which could be most easily satisfied 
by work under lower pressures, made it impracticable for a time to proceed 
with the work. A grant from the Carnegie Institution of Washington was 
announced late in the fall of 1903. The first test in the Carnegie series was 
run Februar\^ 15, 1904, and the last August 7, 1905. A registering counter 
attached to the locomotive shows that between these dates the locomotive 
drivers made 3,113,333 revolutions, which is equivalent to 14,072 miles. 

3. The Tests. — The tests outhned included a series of runs for which the 
average pressure was to be, respectively, 240, 220, 200, 180, 160, and 120 
pounds, a range which extends far below and well above pressures which are 
common in present practice. It was planned to have the tests of each series 
sufficiently numerous to define completely the performance of the engine 
when operated under a number of different speeds and when using steam in 
the cylinders under several degrees of expansion. So far as practicable, 
each test was to be of sufficient duration to permit the efficiency of engine 
and boiler to be accurately determined, but where this could not be done 
cards were to be taken. A precise statement of the conditions under which, 
in the development of this plan, the tests were actually run is set forth 
diagrammatically in figs, i to 6 accompanying, in which vertical distances 
represent speed and horizontal distances the point of cut-off as determined 
by the notch occupied by the latch of the reverse lever, counting from the 
center forward. Rach complete circle in these diagrams represents an 
efficiency test, and each dotted circle, a shorter test under conditions involv- 
ing the development of power in excess of that which could be constantly 
sustained. The numerals within the circles refer to the line numbers of the 
tabulated data (Appendix II). 

4. The locomotive upon which the tests were made is that regularly em- 
ployed in the laboratory of Purdue University, where it is known as Schenec- 
tady No, 2, It is described and illustrated in Appendix I, where there are also 



♦Results of these tests will be found published in Locomotive Performance, John 
Wiley & Sons. 
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shown several views of the testing-plant upon which the locomotive was 
operated. 

5. The Data. — ^While it is one important purpose of these pages to dis- 
cuss and summarize the results of experiments, a most interesting and 
promising field for study is supplied by the unembellished numerical data. 
These deal with conditions and results which best serve to disclose the efifect 
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of different steam-pressures upon locomotive performance. There may be 
drawn from them, also, other series of facts, each telHng its own story of cause 
and effect. The complete exhibit of data from tests, together with a descrip- 
tion of the manner in which derived results have been calculated, is presented 
as Appendix II. The exhibit includes three duplicate tests, the designating 
numbers of which are followed by the subscript a. The results of those tests 
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to which the subscript applies are regarded as less reliable than others only 
in reference to certain details, the record of which has been omitted from 
the tables. All values which are given in Appendix II may be accepted 
as equally reliable. 

All tests at i8o pounds boiler-pressure were run by the use of fuel of a 
quaUty not standard to the tests, consequently all data which in any way 
depend upon the coal consumption for these particular tests are omitted from 
the record, not that the results are unreliable, but because they are not com- 
parable with others given. 

Except in those cases where incompleteness of record has necessitated some 
omissions, derived data are presented covering all of those relationships which 
have commonly been included in reports previously issued from the Purdue 
laboratory. Some of the facts given are not directly employed in the analysis 
showing the value of high-pressures, but their presence in the record makes 
the complete exhibit available as a means to a more general study of the 
conditions aflfecting locomotive performance. 

6. An Alternative for Higher Steam-Pressures. — Previous publica- 
tions from the Purdue laboratory have shown the possibility under certain 
conditions of finding a substitute for very high boiler-pressures in the adop- 
tion of a boiler of larger capacity, the pressure remaining unchanged. If, 
for example, in designing a new locomotive, it is found possible to allow an 
increase of weight in the boiler, as compared with that of some older type of 
machine, it becomes a question as to whether this possible increase in weight 
should be utilized by providing for a high- pressure or for an increase in the 
extent of heating surface. The results of tests (Appendix II), supplemented 
by facts concerning the weight of boilers designed for different pressures 
and for different capacities (Appendix III), supply the data necessary for 
an analysis of this question. Such an analysis is presented elsewhere. 

7. Acknowledgments. — ^The research as a whole is the outgrowth of 
several different influences. Purdue University has contributed for a period 
of nearly two years the use of its testing-plant and its experimental locomo- 
tive. The university has furnished all supplies of oil and waste used during 
term time, has contributed the full time of one attendant who is the regular 
staff -fireman of the plant, and has also granted large liberties to those mem- 
bers of its instructional staff who are especially interested in the problems 
of the locomotive laboratory. As the work progressed and it became evi- 
dent that some reconstruction of the locomotive boiler was needed, the uni- 
versity did not hesitate to meet the expense amounting to nearly $1,000, 
of putting the engine through heavy repairs. In this work they received 
generous assistance in the matter of transportation from the Lake Erie and 
Western Railroad Company and in the matter of shop facilities from the 
Pennsylvania Raihoad Company. 



HIGH STEAM-PRESSURES IN U>COMOTIVE SERVICE. 5 

Acknowledgment is especially due to Edward E. Reynolds, who, when 
assistant professor in experimental engineering, gave his time unstintingly 
to the advancement of the work; also, to Mr. Louis E. Endsley, who, as 
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the tests. Many students of the university have given their assistance as 
observers during the tests, and some have foimd a more extensive part in 
the preparation of theses involving certain groups of the tests. 

All coal needed was donated. That which was used during the spring of 
1904, amoimting to 130 tons, was given by the Cleveland, Cincinnati, Chicago 
and St. Louis Railroad Company. The remainder, 528 tons, a fuel of the 
highest quality, was supplied by the agent of C. Jutte & Co., of Pittsburg, at 
the cost of freight from North Bend, Indiana. 

The American Locomotive Company has conducted a careful and somewhat 
laborious examination of its records that there might be made available for the 
research information concerning the weights of locomotive boilers designed for 
various pressures and for various capacities. 

Under the grant of the Carnegie Institution of Washington, the staff of 
attendants available for work at the Piu*due laboratory has been increased, and 
assistants who could serve as observers and computers have been employed in 
such numbers as would permit the continuous operation of the plant. The 
time of these and the cost of supplies or fixtures in excess of those normally 
furnished by the university, when not otherwise available, have been charged 
against the grant. 

Finally, after the full account of the experiments had been put in type, 
several distinguished engineers, in response to the author's request, read 
and criticized the proof sheets. The attention thus bestowed by men whose 
routine responsibiUties allow them little time for such a service, constitutes 
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II. DIFFICULTIES IN OPERATING UNDER HIGH-PRESSURES. 

8. The Work with the Experimental Locomotive has shown that 
those difficulties which in locomotive operation are usually ascribed to bad 
water increase rapidly as the pressure is increased. The water-supply of the 
Purdue laboratory contains a considerable amount of magnesia and carbonate 
of lime. When used in boilers carrying low pressure there is no great diffi- 
culty in washing out practically all sediment. The boiler of the first experi- 
mental locomotive, Schenectady No. /, which carried but 140 pounds and was 
run at a pressure of 130 pounds, after serving in the work of the laboratory 
for a period of six years, left the testing-plant with a boiler which was prac- 
tically clean. Throughout its period of service this boiler rarely required 
the attention of a boiler-maker to keep it tight. Water from the same source 
was ordinarily used in the boiler of Schenectady No. 2^ which carried a pres- 
sure of 200 pounds or more. It was early found that this boiler operating 
under the higher pressure frequently required the attention of a boiler- 
maker. After having been operated for no more than 30,000 miles, cracks 
developed in the side-sheets, making it impossible to keep the boiler tight, 
and new side-sheets were applied. In operating under pressures as high as 
240 pounds, the temperature of the water dehvered by the injector was so 
high that scale was deposited in the check-valve, in the delivery-pipe, and 
in the delivery-tube of the injector. Under this pressure, with the water 
normal to the laboratory, the injectors often failed after they had been in 
action for a period of two hours. The interruptions of tests through failure 
of the injector, and through the starting of leaks at stay-bolts, as the tests 
proceeded, became so annoying that, as a last resort, a new source of water- 
supply was found in the return tank of the university heating-plant. This 
gave practically distilled water, and its use greatly assisted in running the 
tests at 240 pounds pressure. 

Probably some of the difficulties experienced in operating under very high 
steam-pressures were due to the experimental character of the plant, and 
would not appear after practice had, by a gradual process of approach, be- 
come committed to the use of such pressures, but the results are clear in their 
indication that the problem of boiler maintenance, especially in bad-water 
districts, will become more complicated as pressures are further increased. 
Since, taking the country over, there are few localities where locomotives 
can be furnished with pure water, the conclusion stated should be accepted 

as rather far-reaching in its eflfect. 
6 
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The tests developed no serious difficulties in the lubrication of valves and 
pistons under pressures as high as 240 pounds, though this could not be done 
with a grade of oil previously employed. 

With increase of pressure any incidental leakage, either of the boiler or from 
cylinders, becomes more serious in its eflfect upon performance. In advancing 
the work of the laboratory, every eflfort was made to prevent loss from such 
causes, and tests were frequently thrown out and repeated because of the 
development of leaks of steam around piston and valve rods, or of water from 
the boiler. Notwithstanding the care taken, it was impossible under the 
higher pressures to prevent all leakage, and the best that can be said for the 
data under these conditions is that they represent results which are as free 
as practicable from irregularities arising from the causes referred to; that 
is, so far as leakage may affect performance, the results of the laboratory 
tests may safely be accepted as a record of maximum performance. 

In concluding this brief review of the difficulties encoimtered in the operation 
of locomotives imder very high steam-pressures, the reader is reminded that 
an increase of pressure is an embellishment to which each detail in the design 
of the whole machine must give a proper response. A locomotive which is to 
operate under such pressure will need to be more carefully designed and more 
perfectly maintained than a similar locomotive designed for lower pressure, 
and much of that which is crude and imperfect, but nevertheless serviceable 
in the operation of locomotives using a lower pressure, must give way to a 
more perfect practice in the presence of the higher pressure. 



III. BOILER PERFORMANCE. 

. .9. The Performance of the Boiler, as disclosed by the tests, is given in 
detail in columns 15 to 55 (Appendix II), and certain facts which are of 
importance in the present study are presented herewith in the form of dia- 
grams (figs. 7 to 33). All of the results entered upon data sheets and repre- 
sented in the diagrams were obtained by the use of a single grade of coal 
(Youghiogheny), which in all cases was fired by the same man. A number 
of tests were run with other coals, but in such cases the boiler performance 
has been omitted from the final record. 

10. Evaporative Efficiency as Affected by the Rate of Evapora- 
tion. — The pounds of water evaporated per pound of coal, plotted in terms 
of the rate of evaporation, is shown for each of the several pressures by 
figs. 7 to II. Through the plotted points of each diagram a mean line has 
been drawn, the equation of which is given upon the diagram. For example, 
upon fig. 7, the equation is 

E= 11.04— 0.221 H 

where E is the number of pounds of water evaporated from and at 212® per 
pound of coal, and H is the number of pounds of water evaporated from and 
at 212®, per foot of heating surface per hour. The area of heating surface 
employed is based upon the interior surface of the fire box and the exterior 
suiiace of the tubes. The diagrams will show that the points are not always 
sufficient in themselves to determine the location of a mean Une, hence cer- 
tain conventions have been adopted to define the slope and position of such 
Unes. These and the reasons underlying them may be described as follows : 
The only diflference in the running conditions applying to the tests of each 
series is that of pressure, and as the terms employed in plotting the several 
diagrams are the same, it is evident that the diflferences in performance repre- 
sented by the several diagrams (7 to 11) are only such as may result from the 
diflference in pressure. Since the quantities are in terms of equivalent evap- 
oration, the dififerences can not be great. Accepting this view, it was first 
sought to determine the slope of the lines for the several groups. This was 
done by plotting upon a single sheet all of the points, eight in number, avail- 
able for the series at 240 pounds, together with eight points selected as fairly 
representative from each of the other series, making forty points in all. The 
result is shown in fig. 12. Points thus plotted were divided into two groups, 
one representing the lower rates of combustion, and the other representing the 
higher rates, the points being so chosen that each group contained four points 
from each of the several series. The ordinates and abscissae for points of each 
group were then determined, and the several values thus obtained averaged. 
The final results were then plotted, giving the points shown by the circles 

inclosing a cross (fig. 12). 
8 
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The equation from the line drawn through these points is 

jE^= 11.305 — 0.22 1 H 

The line thus found (fig. 12) may fairly be assumed to represent the slope of the 
mean line of any number of points which for purposes of comparison may be 
selected from the larger group. Points thus chosen are plotted in figs. 7 
to II, which represent results at boiler pressures of 240, 220, 200, 160, and 120 
pounds, respectively. 

In determining, therefore, the location of the mean line, figs. 7 ton, inclusive, 
the abscissae and ordinates of all the points of each diagram were averaged and 
the results plotted. This mean point appears upon each diagram as a circle 
inclosing a cross. Through this derived point a Une is drawn having the 
slope already found; that is, the mean line of fig. 12. 

An examination of the diagrams (figs. 7 to 11) will show that with one 
exception the mean lines located in the manner described well represent the 
experimental points, but certain individual points, especially some of those 
obtained under the higher steam-pressures, are remote from the line. With 
reference to such points it should be said that the experimental data upon 
which they are based is beUeved to be as reliable as that which underlies other 
points which may fall upon the Hne. Inconsistencies are not due to faults in 
testing, but to variations in the condition of the fire. Under the high rates 
of combustion common in locomotive service it is practically impossible to 
duplicate the conditions at the grate from day to day; e. g., in fig. 7, test 5 
was run as a check on 5a; also, tests i and i a were run under identical conditions, 
a repetition being necessary through a defect in the engine, which, however, 
did not interfere with the accuracyof the boilerwork. The results for tests 5 
and 5a are somewhat diverging; those for i and la are practically coincident. 

The results obtained under a pressure of 220 pounds (fig. 8) are not well 
represented by a line of the same slope with the others, though such a Une is 
drawn audits equation is given on the diagram. This is assumed to represent 
the general law, notwithstanding the fact that the individual points suggest a 
slope similar to that of the dotted line shown. 

II. Effect of Changes in Steam-Pressure upon the Evaporative 
Efficiency of the Boiler. — ^The generation of steam at a pressure of 120 
pounds involves a temperature of ths water which is 50° less than that which 
must be dealt with in generating steam at a pressure of 240 pounds, and in 
general it has been assumed that any increase in boiler-pressure necessarily 
results in some loss of evaporative efficiency. It has been known that for 
the small ranges of pressure common in stationary practice this difference 
is not great, but the facts have not been established with reference to loco- 
motive performance or for ranges as great as those covered by the experi- 
ments under consideration in any service. 
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The performanci; of the boiler experimented upon under a range of pressure 
varying from 240 to 120 pounds may be seen by comparing the mean curves 
already developed (figs 7 to 12). Such a comparison is presented by fig. 13. 
This diagram shows that the lowest cfhcivncy is obtained with the highest 
pressure and that with one exception the lines representing performance 
under different pressures fall in order, inversely with the pressure. The 
exception is to !«■ f<iund in the line represi'nting performance at 120 pounds 
pressure. This line falls low. a condition which may be explained by the 
fact that the spark and cinder losses for these tests are known to have been 
excessive. The mean line located from 411 points representing all pressures 
(fig. 12) will rei>resent any rif the lines of fig. n with an error not greater 
than 0.2 [xjund. 

The results clearly define four general facts, which may be stated as follows: 

1. The evaporative efficiency of a locomotive boiler is but slightly 
affected by changes in pressure. 

2. Changes in steam -pres.su re between the limits of 1 20 pounds and 240 
pounds will produce an effect upon the efficiency of the boiler which will 
be less than 0.5 pound of water per pound of coal. 

3. The ecpiation /:." = 11. ,105 —0,221 // represents the evaporative 
efficiency of the boiler of locomotive Schenectady So. 2 when fired with 
Youghiogheny coal for all pressures between the limits of 1 30 pounds and 
240 pounds with an average error for any pressure which does not exceed 
2.1 percent. 
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12. Smoke-box Temperatures. — ^The temperatures of the smoke-box 
gases were read from a high-grade mercurial thermometer. Numerical 
values will be found in column 36 (Appendix II) of the data. In all cases 
the temperature of the smoke-box increases as the rate of evaporation is 
increased, this relation being well shown by figs. 14 to 18, inclusive. In 
locating the Unes which are drawn upon these figures, the average of all points 
was first obtained and entered as a cross within a circle. Through this 
derived point a straight Une was then drawn, its slope being determined 
from an inspection of the points. An inspection of the diagrams will show 
them to be very similar for all pressures. All have the same slope, and, if 
superimposed, they would fall very closely together. Thus, they show that 
when the rate of evaporation is 9 pounds per foot of heating surface per hour, 
the smoke-box temperature for all pressures is between the limits of 700** 
and 730° F. There are but four results for a pressure of 240 pounds, in com- 
parison with eight or more for other pressures. If the results from the tests 
at 240 pounds pressure be omitted it will be found that those remaining, which 
represent a range of pressure from 220 pounds to 120 pounds, are nearly 
identical. This is best shown by the equations of the curves in question, 
which are given in table i. 

Table i . — Smoke- box temperatures under different pressures. 



Bcjilci -pressure. Equations. 

1 


220 pounds 

200 pounds 

160 j)ounds 

120 pounds 

Average 


T = 496 3 -f 25 66 H 
T = 491 -1- 25 66 H 
T = 487 7 -H 25 66 H 
T = 478 9 -H 25 66 H 


T= 488.5 -H 25.66 H 



The average of the several equations represents the average of any of the 
several groups of results obtained under different pressures, with an error 
which in no case exceeds 10° F., or 2 per cent. 

Again, the equations show that the eflfect of increasing the pressure from 
120 pounds to 220 pounds is to increase the smoke-box temperature 17**; 
that is, an increase of pressure of nearly 100 per cent results in an increase 
of smoke-box temperature of approximately 3.5 per cent. 

In the preceding statements is to be found an explanation of the constancy 
in the evaporative efficiency of the boiler under different steam-pressures. 
The fact seems to be that the water in the boiler is about as effective in absorb- 
ing the heat of the gases when its temperature is 400° (240 pounds pressure) 
as when its temperature is but 350® (120 poimds pressure). 
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The data sustain the following conclusions: 

1. The smoke-box temperature falls between the limits of 590° F. and 
850" F,. the lower limit agreeing with a rale of evaporation of 4 pounds 
per foot of htating- surface per hour and the latter with a rale of evapo- 
ration of 14 pounds per foot of heating-surface per hour. 

2. The smoke-box temperature is so slightly affected by changes in 
steam -pressure as to make negligible the influence of such changes in 
pressure for all ordinary ranges. 

3. The equation T = 488.5 + 15.66 //, where T is the temperature 
of the smoke-box expressed in degrees F. and H is pounds of water 
evaporated from and at 212° per foot of heating-surface per hour, pos- 
sesses a high degree of a 
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13. Drapt (Appendix II, columns 33 to 36). — The terra "draft," as 
herein employed, represents a reduction of pressure as compared with that 
of the atmosphere expressed in inches of water. The draft was observed at 
three different points between the ash-pan and the stack. These were the 
smoke-box in front of the diaphragm, the smoke-box back of the diaphragm, 
and the fire-box. At each of these points connection was made with a U-tube 
containing water. The results for each different steam -pressure are given in 
figs, 19 to 23, In these figures the solid points represent the draft in the 
smoke-box in front of the diaphragm, the crosses the draft behind the dia- 
phragm, and the circles the draft in the fire-box. Expressing the results in 
other terras, it appears that vertical distances between the highest curve and 
the intermediate represent the resistance of the diaphragm ; vertical dis- 
tances between the intermediate and the lowest curve the resistance of the 
tubes, and vertical distances between the lowest cur\-e and the axis the resist- 
ance of the ash-pan, the grate, and the fire upon it. Values under this curve 
are a close approach to the effective draft. In general, draft values vary 
greatly with the conditions at the grate. A thin, clean fire results in com- 
paratively low draft values throughout the system, while a thick fire, or one 
which is choked by clinkers, leads to the reverse results. It is for this reason 
that individual points representing draft sometimes vary widely from the 
mean of all results. By coraparing the several curves (figs. 19 to 23) it will 
be seen that the draft is not much affected by changes in pressure. For 
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example, when the rate of evaporation is lo pounds per foot of heating- 
surface per hour, the draft in front of the diaphragm is approximately 4 
inches for all pressures. There is, in fact, no reason why the draft should 
vary materially with changes in pressure. 






^'^'^^M 






m 



lUitVAi^ENT CWF'QHftTtON PER FOOT or HehTING-SURrACE PtTfii Hatfeji 
I 2 3 4 S 6 7 8 9 10 n 12 13 M- 





JSMf BiftH)lilflriBH;-P£ftfSqT.6FHtoriNfr BVsmn mi 



2 3 4 5 6 7 8 

F10..20.— Dt«tt. 



10 II IS 13 



mCH STEAM-PRESSURES IN L,OCOHOTIVB SERVICE. 



p!g';ptt='f=ar|j ^ '-iTOti{mqi:-tji^^^^ ^ 




MMVWJit0;:E>^^ 



14. Composition op Smoke-box Gases {Appendix II, columns 49 to 52). — 
As previous experiments had shown irregularities in the evaporative effi- 
ciency of boilers of locomotives, it was early decided to proceed with care 
ia determining the composition of the smoke-box gases. It seemed probable 
that if the composition of thest; were known for each test, variations in the 
evaporative efficiency of the boiler might be explained. To this end, there- 
fore, each step in the process was carefully considered, and the work of 
sampling and analyzing the gases was assigned to a chenust of experience who 
had no other duties to perform. 

The gases were drawn from the smoke-box over mercury, a period of from 
a half hour to an hour and a half being employed in securing the sample. 
The sampling-tube was of copper and of small diameter. Its length was suffi- 
cient to extend to the center of the smoke-box, and gas was admitted to it 
by small perforations at the extreme end only. This tube could be drawn in 
and out through a stuffing-box to permit the sample to be taken either from 
the center of the smoke-box or from any location between that point and the 
shell. In securing the sample it was the practice to move the tube system- 
atically at regular intervals of time. By these means it was assumed that 
abnormal results due to fluctuations in the condition of the fire would be 
entirely avoided. 
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The results, notwithstanding all precautions, have not proven entirely 
satisfactory. That is, where the evaporative performance is abnormal, they 
do not permit the assignment of a definite cause. The defects are doubtless 
due to faulty samphng, though it is not clear in what manner the sampling 
may be improved in connection with locomotive work. They do, however, 
entirely justify certain general conclusions. They show that the amount of 
excess air (figs. 24 to 28} admitted to the furnace is never great, and in most 
cases it is very small — far below the limits which are thought desirable in 
Stationarv- practice. They show, also, that the excess air diminishes as the 
rate of combustion increases. It is apparent, therefore, that the loss in 
efficiency arising from excess air is under normal conditions smaller than in 
most other classes of service. Moreover, while the supply of air appears 
limited, it is significant that the losses from imperfect combustion, as shown 
by the presence of CO, are also small ffifpi. 29 to 33), the actual amount vary- 
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15. The Quality op Steam (Appendix II, column 21) was unifonnly high 
under all conditions of pressure, the average for all tests being 99.08. The 
quality declined slightly with increase of pressure, but in no case does the 
moisture exceed r.35 per cent. 



IV. ENGINE PERFORMANCE. 

1 6. Indicator-Cards. — ^The form of the cards as taken is shown by figs. 34 
to 39. In comparing these figures it will be well to remember that the springs 
used in the indicators were changed from time to time as the pressure under 
which the locomotive operated was changed. One result of this practice is 
that the apparent height of the cards does not change materially with changes 
in pressure. To aid in estimating the significance of the cards upon each 
diagram, a scale of the spring employed is presented therewith. 

Each pair of indicator-cards shown by full lines represent conditions under 
which an efficiency test was run. Those shown have been selected as repre- 
sentative of the average conditions of the test and in all cases are for the right 
side of the engine. The data of the test represented by any pair of cards will 
be found in Appendix II. 

The indicator-cards shown by dotted outline upon the diagrams represent 
conditions for which it was found impracticable to continuously operate the 
engine, the capacity of the boiler being insufficient to supply steam to meet 
the demands of the cylinders. Short runs, however, were possible, and it was 
during such runs that the cards in question were obtained. By their use it is 
possible to extend comparisons involving the effect upon the form of the cards 
of changes in speed and cut-off. 

• As the small scale at which the cards (figs. 34 to 39) are reproduced makes 
them insufficient for some purposes of analysis, certain of them, representing 
typical conditions, reproduced at full size are presented as Appendix IV. 

17. The Mean Effective Pressure for the several tests as arranged from 
all cards taken is shown by figs. 40 to 45 (Appendix II, columns 10 1 to 105). 
The values within the full-lined rectangles represent efficiency tests; those 
within the dotted-lined rectangles, conditions involving the consumption of 
steam in excess of that which the boiler could continuously supply. Each 
figure discloses the entire range of action under which it is found practicable 
continuously to operate the locomotive at the pressure given. A review of the 
several figures will show the extent to which the possible range of cut-off 
under a full open throttle is reduced with each increment of pressure. For 
example, under 1 20 pounds pressure it is possible to operate at 30 miles with 
the reverse lever in the fourteenth notch from the center, while at 240 pounds 
the longest cut-off under similar conditions of speed is represented by the 
fourth notch of the reverse lever. It is of interest to note, also, that within 
th2 range of the experiments each change in the position of the reverse lever 
results in a change in power which is nearly proportional to the extent of the 
movement of the reverse lever. The effect upon the mean effective pressure 

of changes in speed is well shown by each of the several diagrams. 
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1 8. The Indicated Horsepower for the several tests is shown by figs. 
46 to 51 (columns 106 to no, Appendix II). It will be seen that the range 
for all pressures falls between the limits of 134 and 610 horsepower. It 
appears from the results that with the coal used dtuing the tests the normal 
power of the locomotive tested, when run at speed, is between 450 and 500 
horsepower. The development of more than 500 horsepower was always 
attended by unusual efforts on the part of the fireman. By reference to fig. 
46 it will be seen that the power of the engine, tmder a pressure of 240 pounds, 
was readily developed with the reverse lever in the second and fourth notches, 
while under 120 poimds pressure (fig. 51) either a high speed or a much 
longer cut-off must be employed before tliis condition is reached. All this, 
of course, grows out of the fact that in experiments involving a wide range of 
pressure the cylinder volume remained constant. It is significant that the 
only two tests giving a horsepower in excess of 600 were run at 180 and 200 
pounds, respectively. It will hereafter be shown that the operation of the 
engine under these pressures was more efficient than under conditions of 
pressure which were either lower or higher. Remembering that the figures 
(46 to 51) disclose the entire range for which it was practicable to operate 
the engine under a full throttle, it will be seen at a glance that the higher 
pressures do not serve to increase the output of power. 

19. The Steam per Indicated Horsepower per Hour is shown by figs. 
52 to 57 (column in, Appendix II). The high efficiency which is impUed 
by these results, and the narrow range which they represent, taken in connec- 
tion with the comprehensive character of the running conditions involved, 
are matters of more than ordinary importance. For example, it appears 
from fig. 52 that at a pressure of 240 pounds the engine experimented upon, 
when working under a fully open throttle, gave a horsepower hour in return 
for the consumption of less than 24 pounds of steam, and tmder any condition 
of speed or cut-off for which it was found possible to operate the engine 
under a wide open throttle the consumption never exceeded 26.3 pounds. 
At lower pressures, involving the possibility of a wider choice in the condi- 
tion of operating, the range is somewhat increased. Thus, at 120 poimds 
pressure (fig. 57) the minimum value is 27.5 and the maximum 33.8, a range 
which, while greater than that just referred to, is nevertheless extremely 
narrow as compared with the range incident to the operation of other classes 
of engines. 

The most efficient point of cut-off for the lowest pressure is evidently that 
secured when the reverse lever is in the eighth notch, which is equal to 35 per 
cent of the stroke. At 200 pounds pressure the most efficient cut-off is that 
represented by the sixth notch, or 27 per cent of the stroke, and the data do 
not disclose that a shorter cut-off than this under a full-open throttle is profit- 
able for the engine experimented upon, even though the presstures be raised to 
240 poimds. 
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The effect of speed on steam consuinption is readily seen by comparing 
values in vertical columns upon the several diagrams. In all cases the best 
results are obtained at a speed either of 30 or 40 miles an hour; for all pres- 
sures above 160 pounds, the most efficient speed is 40 miles. The law of the 
change of efficiency with changes in speed has been discussed and the reasons 
underlying pointed out elsewhere.* 

The least steam consumption for each speed under the several different 
pressures employed is set forth in fig. 58. The values of the figure are of 
interest. Tliey do not, however, constitute a satisfactory base upon which 
to form comparisons. 

•Locomotive Performance, published by Messrs. John Wiley Be Sons. 
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ao. Steam Consumption under Different pREssuREs.^Tlie shaded 
zone upon fig. 59 represents the range of performance as it appears from all 
tests run under the several pressures employed. For purposes of comparison 
it is desirable to deftne the effect of pressure on performance by a line, and to 
this end an attempt has been made to reduce the zone of performance to a 
representative line. In preparing to draw such a line, the average perform- 
ance of all tests at each of the different pressures was obtained and plotted, 
the results being shown by the circles on fig, 59. Points thus obtained can 
be regarded as fairly representing the performance of the engine under the 
several pressures only so far as the tests run for each different pressure may 
be assumed to fairly represent the range of speed and cut-off under which the 
engine would ordinarily operate. The best result for each different pressure, 
as obtained by averaging the best results for each speed at constant pressure. 
is given upon the diagram in the form of a light cross. These points may be 
regarded as furnishing a satisfactory basis of comparison in so far as it may 
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be assumed that when the speed has been determined an engine in service 
will always operate under conditions of highest efficiency. Again, the left- 
hand edge of the shaded zone represents a comparison based on maximum 
performance at whatever speed or cut-off. In addition to the points already 
described, there is located upon the diagram (fig. 59) a cur\'e showing the 
performance of a perfect engine,* with which the plotted points derived 
from the data of tests may be compared. Guided by this curve, representing 
the performance of a perfect engine, a line A B has been drawn proportional 
thereto, and so placed as to fairly represent the circular points derived from 
the experiments. It is proposed to accept this line as representing the steam 
consumption of the experimental engine under the several pressures em- 
ployed. It is to be noted that it is not the minimum performance nor the 
maximum, but it is a close approach to that performance which is suggested 
by an average of all results derived from all tests which were run. Since its 
form is based upon a curve of perfect performance it has a logical basis, 
and since it does no violence to the experimental data its use seems justifiable. 
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Fio. 59.— Stcas 



'This curve represents the performance of an engine working on Camot's c^de, the 
initial temperature being tfaat of steam at the several pressures stated, and the &atl tem- 
perature being that of steam at 1.3 pounds above atmospheric pressure. This latter value 
IS tbe assumed pressure of exhaust in locomotive service. 
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at. Coal Consumption, — The results of certain of the tests which were run 
before the adoption of a standard coal have not been carried out for purposes 
of comparison, which fact accounts for the blanks appearing in colunm 1 1 3 of 
the data. An exhibit of all data which is comparable is set forth by figs. 60 to 
64. These values, especially if confined to the tests run with the reverse lever 
in the second, fourth, and sixth notches, show but slight variation in the coal 
consumed per horsepower hour either with changes of speed or with changes 
in pressure. The fact, also, that the record shows but 3 out of 46 tests repre- 
senting a great variety of running conditions, for which the consumption 
exceeds 4 pounds, argues well for the efficiency of the locomotive in ordinary 
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22. PBRPORBCANCE under DIFFERENT PRESSURES, A LOGICAL BASIS FOR 

Comparison. — ^The record of coal consumption, as set forth in the preceding 
paragraph, is that actually obtained from the several tests run. It has already 
been shown that this performance is aflfected by variations in the evaporative 
efficiency of the boiler, due doubtless to irregularities in firing, but which are 
in fact unaccounted for. One of the purposes of the discussion which occu- 
pies the preceding chapter has been to reduce the values actually resulting 
from the tests to a summarized statement which may be accepted as a general 
definition of performance, assuming all irregularities to have been eliminated. 
Such a summarized statement is that which is shown by fig. 12. It is also 
expressed by the equation 

E= 11.305 — 0.221 H 

It is now proposed to determine the coal consumption per indicated horse- 
power, assuming the boiler efficiency to have been in all cases that which is 
expressed by this equation. 

It appears, also, from the data that the steam consumed by the cylinders 
varies for each different pressure with changes in speed and cut-off, and it has 
been sought in the preceding paragraphs to summarize the facts derived from 
the experiments into a single expression. This appears in the form of the 
curve A B, fig. 59, which is to be accepted as representing the performance of 
the cylinders under different pressures without reference to speed or cut-off. 
Combining this general statement expressing cylinder performance with that 
already obtained covering boiler performance, it should be possible to secure 
an accurate measure of the coal consumption per indicated horsepower hour, 
for each different pressure which will represent the results of all tests at that 
pressure. 

The steps in this process are set forth by table 2, in which — 

Column I gives the several pressures embraced by the experiments. 

Column 2 gives the steam consumption per indicated horsepower hour for 
each of these several pressures as taken from the curve A B, fig. 59. 

Column 3 gives the number of thermal units in each pound of steam at the 
several pressures, assuming the feed-water in all cases to have had a tempera- 
ture of 60° F. The values of this column show at a glance the rate of change 
in the amount of heat required to supply steam at the different pressures 
embraced by the experiments. 

Column 4 gives the pounds of water from and at 212° F. per indicated horse- 
power hour. It equals column 2 X column 3 -h 965 . 8. 

Column 5 gives the pounds of water evaporated from and at 212° F. per 
pound of coal and is calculated as follows: Assuming that a fair average 
load for the locomotive tests is 440 horsepower, and that this unit of power 
is delivered under all pressures, the corresponding rate of evaporation may 
be found by multiplying this value by those of column 4 and dividing by the 
area of heating surface ; that is, the rate of evaporation = 440 x column 4 
-r 1322. The equivalent pounds of water per pound of coal is found by 
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substituting the rates of evaporation found f or H in the equation, £ ^^ 1 1 . 505 
—0.221 H. 

Column 6 gives the pounds of coal per indicated horsepower per hour and 
equals column 4 -r- column 5. 

Column 7 gives the pounds of coal saved per horsepower hour for each 20- 
pound increment in steam-pressure. 

Column 8 gives the percentage saving in coal for each 20- pound increment 
in steam-pressiu'e. 

TablS 2. — Engine performance under different pressures. 



1 

Boiler 
pres- 
rare. 


Steam per in- 
dicated horse- 
power per 
hoar. Values 
from curve. 


B. t. n. given 

to 1 pound 

steam feed -water. 

(Temp. = 60«.) 


Equivalent 
pounds of 
water per 
indicated 

horse-power 
hour. 


Equivalent 

pounds of 

water per 

pound of dry 

coal. 


Pounds of 
coal per indi- 


Coal savins for emxh 
increment. 


cated horse- 
power hour. 


Lbs. I Per cent. 

1 


1 . 


2 


8 


4 


6 


6 ; 7 8 


240 
220 
200 
180 
160 
140 
120 


247 

251 

25.5 
26.0 

26.6 

277 
29.1 


I 176.6 

"74 4 
1172.0 

1169.5 

1166.8 

1163.8 

1160.5 


30.09 
30.52 
30.94 
31.48 

32.14 
33-38 

34.97 


9.10 
9.06 
9 03 

8.99 
8.94 
8.85 

8.73 


3 
3 
3 
3 
3 
3 
4- 


31 

37 
43 
50 

59 

77 
00 


.06 
.06 

.07 
.09 
.18 
•23 

• • • 


1.8 
1.8 
2.0 

2.5 
4.8 

5.8 

• • • 



The values of table 2, especially those of columns 2 and 6, are of more 
than ordinary significance. They represent logical conclusions based upon 
the results of all tests. Comparisons between them will show the extent to 
which the performance of a locomotive will be modified by changes in the 
steam-pressure under which it is operated. They show in the matter of steam 
consumption (column 2) that — 

Increasing pressure from 160 to 180 pounds reduces the steam consump- 
tion 0.6 pound, or 2.3 per cent. 

Increasing pressure from 180 to 200 pounds reduces the steam consump- 
tion 0.5 pound, or 1.9 per cent. 

Increasing pressure from 200 to 220 pounds reduces the steam consump- 
tion 0.4 pound, or 1.6 per cent. 

Increasing pressure from 220 to 240 pounds reduces the steam consump- 
tion 0.4 pound, or 1.6 per cent. 

In the matter of coal consumption (column 6) they show that — 

Increasing pressure from 160 to 180 pounds reduces the coal consump* 
tion 0.9 pound, or 2.5 per cent. 

Increasing pressure from 180 to 200 pounds reduces the coal consump- 
tion 0.7 pound, or 2.0 per cent. 

Increasing pressure from 200 to 220 pounds reduces the coal consump- 
tion 0.6 pound, or 1.8 per cent. 

Increasing pressure from 220 to 240 pounds reduces the coal consump- 
tion 0.6 pound, or 1.8 per cent. 
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These values are from actual tests. Those who are inclined to insist upon 
basing their conclusions upon observed data will perhaps find in them a satisfac- 
tory conclusion of the whole investigation. The results show how slight is 
the gain to be derived from any increment of pressure when the basis of the 
increments is above i6o potmds. But they do not in fact tell the whole 
story. In order to secure such results from a single locomotive it was neces- 
sary to employ a machine designed for the highest pressure experimented 
upon. Obviously, for the tests at lower pressure, the locomotive was need- 
lessly heavy for its dimensions. If for the tests under each of the lower 
pressures the excess weight could have been utilized in providing a boiler of 
greater heating-siuface, the difference in performance with each increment 
of pressure would have been less than that to which attention has already 
been called. It is for this reason that the results already quoted, while 
significant and concise in their meaning, are nevertheless to be accepted as 
insufficient when regarded as a relative measure of the value of different 
steam-pressures. An extension of the discussion leading to a more general 
view of the matter will be foimd set forth in Chapters VI to VIII. 



V. MACHINE FRICTION .AND PERFORMANCE AT DRAW-BAR. 

2^. The C"ixixDERS vs. the Dr.\w-Bar .\s a B.^se from which to Esti- 
MATE Performance. — In the later paragraphs of the preceding chapter 
results are given disclosing the penormance of boiler and engine as based 
upon cylinder performance. This is a correct basis from whidi to proceed 
in discussing the relative advantage of different steam-pressures, for the proc- 
ess of the cylinders represents the last of the thermod^iiamic changes by 
which the heat of the fuel is transformed into work. The cylinders are in 
fact one step nearer the problem in question than the draw-bar, which for 
many purposes is prof>erly regarded a better basis from which to determine 
the performance of a locomotive. This being the case, the purpose of the 
present chapter will be entirely serv'ed if attention is called to a few of the 
more significant facts which center in the output of power at the draw-bar, 
leaving the general discussion as to the relative value of different steam- 
pressures to be continued in the chapters which follow. 

24. Machine FrictI'jn. — This is the diiiercnce between work done in the 
engine cylinders and that which appears at the draw-bar. The facts for all 
tests will be found presented in the data columns 141 to 143"^. The machine 
friction expressed in terras of m<.an effective pressure is best presented by 
figs. 65 to 70. With reference to these values it should be noted that machine 
friction when expressed in terms of mean eiTeclive pressure will be greater for 
a locomotive designed for high boiler -pressures than for another of equal ix)wer 
designed for lower pressure, since with the higher steam -pressure the cylin- 
ders are relatively smaller. 

25. A Gener-vl Statement Concerning Friction.vl Losses. — It is 
difficult to summarize the facts concerning engine friction. This is not due 
to defects in the experimental process underlying the data, but to the fact 
that the frictional resistance of the machinery oi the locv^motive varies greatly 
from day to day.* Evidence of this is accessible even to the casual obser\"er. 
During any given lest it is likely that an axle-box or a crank-pin mav run 
warm, while during another test under identical ci^nditions of |X)wer the 
same part 'will remain perfectly cvx^l. In reviewing the data ^tigs. 65 to 70) 
it should be remembered that the tests were not nm in any predetermined 
order. Upon the diagram two adjacent results nLiy represent tests between 
the running of which an interval of many months nuiy have elapsed. This 
fact, together with the statement already nude concerning variations in 
the frictional resistance of the machiner>-. is sut^cient to account for the 
apparent irregularities presented. 

♦A general discussion of this question with data will be fcHind in Loconioti\-e IVr- 
formance. 
42 
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These statements make evident the difficultit-s to be encountered inattempt- 
ing to derive an expression in simple form for engine friction. That the fric- 
tion varies but slightly with increase in steam- pressure, the cylinder diameters 
remaining unchanged, is to be seen by fig. 71, giving all of the results obtained 
at different speeds and steam -pressures with the reverse lever in the fourth 
notch. Comparisons involving different positions of the reverse lever suggest 




that changes in cut-off are most effective in modifying engine friction. Acting 
upon this suggestion, all results have been plotted in terms of cut-off. The 
results do not, of course, fall in hne, but they take such positions as readily to 
suggest the form of a curve which in an approximate way may be employed 
to represent them. I'rom such a curve the values set forth in fig. 72 have 
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depended upon to deliver power from the periphery of its wheel in return 
for the expenditure of so small an amount of fuel. 

28. Corrected Results. — The values representing coal and steam con- 
sumption, which have thus far been referred to as performance at the draw- 
bar, are those actually observed. A close comparison of these will some- 
times fail to give consistent results because of irregularities in boiler perform- 
ance or in the frictional resistance of the machinery growing out of rauses 
already discussed. 

In table 22 values are presented from which all such discrepancies ha\ e been 
eliminated. They are those which would have been obtained if the evapo- 
rative e (fide ncy for all tests had been that iudicated by the equation, 

E= 11.305 — 0.221 ii 
and the machine friction for all cases had been that shon-n by figure 73. 
Column 156 giving the corrected coal per dynamometer horsepower, and col- 
umn 157 the corrected steam per dynamometer horsepower, may be accepted 
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VI. BOILER.PRESSURE AS A FACTOR IN ECONOMICAL OPERATION. 

29. The amount of steam consumed by the locomotive per unit power 
developed, when operated under various pressures between the limits of 120 
potmds and 240 pounds, has already been defined (fig. 59). Basing conclu- 
sions on results thus disclosed, it is now proposed to determine the increase in 
eflSdency which may be secured through the adoption of higher pressure for 
any given increase in the weight of the boiler and its related parts. That this 
may be done, it is essential to determine the relation between boilers of a given 
size when designed for different pressures. 

30. Weight of Locomotive as Affected by Steam-Pressure. — ^The 
parts of a locomotive which are affected by changes in steam-pressure, assum- 
ing the power to remain constant, are the boiler and certain portions of the 
engine. The boiler to be adapted to a higher steam-pressure requires thicker 
plates, heavier riveting, and stronger staying, all tending to augment its weight. 
The effect of the change upon the engine, however, is to make it lighter, for 
since with increased pressure, cylinders, pistons, and valves become smaller, 
their weight will generally diminish. As a basis for exact values, defining their 
relationship, lines were laid down for a boiler of the following dimensions:* 

Diameter of first ring, inches 63 

Number of 2-inch tubes 258 

Length of tubes, feet 14 

Total heating-surface, square feet 2024 

Length of grate, inches 90 

Width of grate, inches 60 

Area of grate, feet 37.5 

Boiler-pressure, pounds 190 

Pour designs were made, adapted to four different pressures, respectively, 
from which designs weights were calculated, with results shown by table 3. 

TablS 3. — Weight of those parts of a locomotive which are affected by changes in 

boileT'pressure. 



BoUer 
siire. 


Wright of boiler. 


Weight of cylinders, 
valves, and pistons. 


Weight of water. 


Weight of all parts 

aflfected by changes 

in pressure. 


1 


2 


8 


4 


ft 


160 
190 
220 
250 


Lbs. 
30679 
32913 
36076 

3^953 


Lbs. 
12580 
12240 
1 1 990 
1 1620 


Lbs. 

16349 
16536 
16661 
16848 


Lbs. 
59608 
61689 

64727 
67421 



♦These and other determinations involve weights of boilers which were supplied by the 
courtesy of the American Locomotive Company. (See Appendix III.) 
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Theweight of the cylinders, valves, and pistons which would be'used with a 
boiler having 2024 feet of heating- surface in making up a representative loco- 
motive carrying the different pressures designated is set forth in column 3. 
The weight of water when the boiler is filled to the second gage appears as 
column 4. The weight of steam is neghgible. The total weight of all parts of 
the locomotive directly affected by the changes in pressure are given as column 
5, and the values of this column have, for the purpose of interpolation, been 
plotted in terms of steam-pressure, with results set forth by fig. 78. 
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With these data it is proposed to show the extent to which the perfor 
of a typical locomotive using saturated steam may be improved by increasing 
the pressure carried within its boiler. For convenience, six different pressures 
having values between no pounds and 220 pounds will be utihzed as bases 
from which to assume an increase of pressure. The increase of pressure from 
each base will be such as may be possible upon the allowance of definite incre- 
ments in the weight of those portions of the locomotive affected by pressure, 
and in like manner the improvement in performance will be expressed as a per 
cent of that which is normal to the base. The results of the process outlined 
are presented in table 4. An explanation of the columns of this table, 
which are not self-evident, is as follows: 

Column 3. Weight oj tlwse parlsof a typical locomotive affected by changes in 
steam- pressure, including water in boiler. — The values of this column, for each 
of the several pressures stated in column 2, are taken directly from the dia- 
gram of fig. 78, the basis of which has already been explained. 
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Column 5. New boiler-pressure obtainable by utilizing the increase of "weight in 
making a stronger boiler, — The values in this column for each of the several 
weights stated in column 4 were taken from the diagram of fig. 78. 

Column 6. Steam per indicated horsepower per hour at the pressures given in 
column 2. — Values for this column are taken directly from the curve of fig. 59. 

Column 7. Steam per indicated horsepower per hour at the new pressures given 
in column 5. — These values, also, were taken directly from the diagram (fig. 59) . 

Table 4. — Total sailing tiihen a possible increase of weight is utilised as a means of 
increasing boiler-pressure. 
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58340 
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39 1 
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8.54 




140 


57390 
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37 
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Column 8. Direct saving in steam consumption, resulting from an increased 
weight equal to the per cent shown in column i . — Values of this column are equal 
to 100 times those of column 6 minus those of column 7 divided by those of 
column 6. 

Column 9. Indirect saving due to reduced rales of evaporation, per cent. — As- 
suming the locomotive to work at the same power at whatever pressure it may 
carry, the saving in steam resulting from the increased pressure set forth in 
column 8 diminishes the demand upon the boiler, and, as the efficiency of the 
boiler increases as the rate of evaporation is reduced, there results an indirect 
saving with each increase of pressure. The relation between the evaporative 
efficiency of the boiler and the rate of evaporation has already been defined 
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(fig. 1 2) . Assuming the normal rate of evaporation for the boiler imder initial 
conditions to be 10, then a reduction of i per cent in the rate of evaporation 
will effect an increase in the evaporative efficiency of 0.243 per cent. The 
values in column 9, therefore, are those of coliunn 8 multiplied by the con- 
stant 0.243. 

Column 10. Total saving, — ^The total saving is the sum of columns 8 and 9. 

The significance of this table may best be appreciated by the following 
examples : 

By line i of the table it appears that the base is 120 pounds (column 2). 
The parts of the typical locomotive designed for this pressure, which are 
affected by changes in steam-pressure, weigh 55,560 pounds (column 3). If, 
now, in designing a new lot of locomotives, it becomes possible to increase 
this weight by 5 per cent (column i), the weight of these parts for the new 
locomotive may be 58,340 pounds (column 4). This weight, if put into a 
boiler of the same capacity, will allow the pressure to be increased from 120 
pounds (column 2) to 150 poimds (column 5), and as a result its steam con- 
sumption per horsepower hoiu: will fall from 29.1 poimds (column 6) to 27.1 
pounds (column 7), or 6.87 per cent (column 8). But the saving of 6.87 
per cent in steam consumption diminishes the demand which is made upon 
the boiler for steam, and at the lower rate of evaporation the boiler becomes 
1 . 67 per cent (column 9) more efficient, giving a total gain as a result of the 
change in pressiure of 8.58 per cent (column 10). In a similar manner each 
line of the table presents a measure of the improvement to be expected from 
some definite increase of pressure. 

A study of the analysis which has preceded will show that the values of 
column 10 may be accepted as fairly representing the increase in efficiency 
which may be secured in return for a given increase in steam-pressure, or, as is 
more clearly shown by table 4, in return for a given increase in the weight of 
those parts of the locomotive affected by increase of pressure. 

While the comparison is based on improved efficiency, it will, of course, be 
understood that, at the limit, the saving shown may be converted into a cor- 
responding increase of power. It would have been possible by assuming con- 
stant efficiency to have shown the improvement in terms of increase of power. 



VII. BOILER CAPACITY AS A FACTOR IN ECONOMICAL 

OPERATIONS. 

31. In the preceding chapter there is considered the advantage to be de- 
rived through the utilization of any possible increase in the weight of a loco- 
motive, as a means by which to secure an increase of pressure. It is the pur- 
pose of this chapter to consider the benefit which may be derived by utilizing 
similar increments in weight to secure an increase in boiler capacity, the 
pressure remaining constant. The weights of boilers and related parts 
involved by such a comparison have been ascertained from considerations 
similar to those which controlled in the preceding case. A boiler of the 
dimensions already given (paragraph 30), designed for 190 poimds, was made 
the starting-point from which values were ascertained for boilers of different 
capacities designed to carry 160 pounds pressure. The characteristics of the 
several boilers thus designed are set forth in table 5. 

Table 5. — Characteristics of four boilers designed for 160 pounds pressure and different 

capacities. 



Diam- 

etcr of 

boiler. 

• 


Number 

of2- 

inch 

tubes. 


Length 

of 
tubes. 


Length 

of 
grate. 


Width 

of 
grate. 


Area 

of 
grate. 


Area 

of 

heating 

surface. 


Weight 

of 
boiler. 


Weight 
of water 
in boiler. 


Weight of 

I>arts of 

locomotive 

which are 

affected by 

changes in 

heating- 

surface. 


1 


2 


3 4 


ft 


6 


7 


8 


9 


10 


In. 

63 
69 

67 
70 


258 
326 

338 
396 


Ft. 

14 
16 

16 


In. 

90 
102 
102 

96 


In. 
60 

65 
65 
75 


Sq. ft. 

37-4 
46. 1 

46.1 
500 


Sq. ft. 
2024 

2538 
3013 
3498 


Lbs. 

30.679 
36,321 
41,013 

42,894 


Lbs. 
16,349 

I9»344 
20,092 

21,965 


Lbs. 
47,028 

55,665 
61,105 

64,859 



The steam-pressure being constant, the dimensions and consequently the 
weight of the cylinders and related parts for the development of a given power 
remain unchanged. It is obvious, also, that since the only change in the 
locomotive is in the size of its boiler, the cylinder performance will be the 
same for locomotives having boilers of different size. The saving which will 
result from the employment of boilers of greater capacity will be only that 
which results from the diminished rate of evaporation per unit area of heating- 
surface. The relation of evaporative eflficiency and rate of evaporation has 
already been defined (fig. 12), so that both factors in the problem now are 
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known, namely, the increase in weight necessary for a given increase in capac- 
ity and the effect of any increase in capacity in impro\-ing the evaporative 
eflBciencv. Bv means of relations thus established values have been deter- 
mined which are presented as table 6. An explanation of those columns 
of this table which are not self-ex-ident. is as follows : 

Table 6. — Saving a: hen a possibU iwjrtjft of -j:tigkt is utilixd as a means of increasing 

Act! tings u r/ij ce. 



Increase 

of 
weight. 


B*»iler- 
pre^sures 
selected 
as bases. 


Weight of 
parts of a 

typical 
!txr«> motive 
fr-otler. cylin- 
ders, valves. 
piitons. and 
water-. 


Allowable 
increase of 

weight. 


Heating- 
surface tif 
typical 
loo.^aii.'tives 
whi.»se 
weights 
are given in 
column 3. 


Increase nf 
heating -sur- 
face ob- 
tainable by 
utilising in- 
crease of 
weight in 
making a 
larger bosler. 


Increase of 

heating- 
snrface. 


Sa\-ing in : 
evaporative ' 
performance 
due to 
reduced 
rate. ! 


i » 


9 


3 


4 


:s 


6 


• 


« 


Per ct. 


l.hs. 


Lb*. 


Lbs. 


5^. it. 


.SV. ;'.'. 


P*T ctni. 


PfT ctnt. 


i 


I20 


5^5fjo 


■ f " 


2iXX-» 


2.U.7 


11.73 


2.S5 . 




I-IO 


37 '-00 


;>oo 


2IXX) 


242.5 


12 


12 


:! 95 


^ 


\(yo 


5«i2JO 


2or» I 


200<.> 


2 ^O . I 


12 


>o 


3 04 


• 


\>Qi 


f ) 1 ^0 


3052 


2t.XX) 


-\^7-7 


12 


>s 


3 13 




200 


62>^o 


3i-;4 


lOOi^ 


265 . 3 


13 


26 


:^^^ 


^ 


210 


6^710 


3-:^=^ 


2tXX> 


272.1) 


13 


64 


3 31 




MO 


55560 


.^5.^'> 


20t0 


460 . J. 


-3 


47 


5 70 


lO ' 


140 
160 


57.5^0 
50220 




2iX>'> 
2CVX^ 


4>-l.Q 

5<X>.4 


-:4 
2^ 


■» t 

.02 


5 iJ9 ! 
6.0S ' 


"v. 


I So 


61050 


6105 


21XX.") 


515. q 


2^ 


79 


6.27 


f 


120 


55560 




20tX> 


704 . 2 


35 


.21 


i^ 55 . 


^5 - 


140 


57,V'0 


>60> 


2lXX) 


7-7-3 


36 


36 


S.S4 1 




160 


5*^220 


^>>3 


20».X) 


750.6 




■53 


9. 12 ! 


20 


120 


555rjo 


11112 


20LX:> 


930 . 


46 


■95 


11 .41 



Column 3 is the weight of boiler, the contained water, and the cylinders, 
pistons, and valves. While the cylinders, pistons, and valves do not change 
for any given pressure, their weights are included to make the values com- 
parable with those employed in the analysis of the preceding chapter. They 
are in fact identical with the values of column 3, table 4. 

Column 4. Allowable increase in weight. — The values of this column are the 
percentages indicated by column i of the values of column 3. 

Column 6. I tier ease of heating-surface , — Values for this column have been 
obtained by plotting weight of affected parts in terms of heating-surface 
(columns 10 and 7, table 5). The results appear as fig. 79. From a repre- 
sentative line drawn through points thus obtained showing the relation be- 
tween the weight of the boiler and water, and the number of square feet of 
heating-surface, it can be shown that an increase of 10,000 pounds in the 
weight of boiler and affected parts permits an increase of S45 square feet in 
heating-siuface. Therefore, in table 6, column 6 equals column 4 multiplied 
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by 0.0845. This relation was obtained from data of a boiler designed for 160 
pounds pressure and is assumed to be approximately true for boilers of other 
pressures. 

Column 7, Increase of healing-surface, per cent, is column 6 multiplied by 100 
divided by column 5. It also shows the per cent reduction in the rate of 
evaporation. 

Column 8. Saving in evaporative performance due to reduced rate, per cent. — 
Values in this column have been obtained from those of the preceding 
column by means of a relationship already established controlling evaporative 
efficiency of boiler and rate of combustion (fig. 1 3) . This relation is such that 
a reduction of i per cent in the rate of combustion increases the evaporative 
efBdeocy 0.243 P^r cent. Values of column 8 are, therefore, those of column 
7 multiplied by this factor. 
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AS.0OO 53,000 65.000 

The significance of table 6 will be understood from the following illustration, 
based upon the first line of the table. Assuming an existing locomotive operat- 
ing under a pressure of 1 20 pounds (column 2) to have a boiler containing 2000 
feet of heating surface (column 5) weighing with the contained water 55,560 
pounds (column 3), an increase of 5 per cent (column i) or 2778 pounds 
(column 4), will permit an extension in heating surface of 234.7 square feet 
(column 6) which, compared with its original surface is an increase of 11.73 
per cent (column 7). This increase in the extent of heating- surface, assum- 
ing the power developed to remain unchanged, will result in an improvement 
in the performance of the boiler of 2.86 per cent (column 8). The facts under- 
lying the analysis are primarily the results of tests. 



VIII. CONCLUSIONS CONCERNING BOILER-PRESSURE VERSUS 
BOILER CAPACITY AS A MEANS OF INCREASING THE 
EFFICIENCY OF A SINGLE-EXPANSION LOCOMOTIVE. 

32. In the preceding chapters an analysis has been given showing the saving 
which may result in locomotive ser\-ice, first, by increasing the pressure, the 
boiler capacity remaining unchanged, and, second, by increasing the heating- 
surface, the pressure remaining unchanged. A summary of the conclusions of 
these chapters is presented as figs. So to 85, in which the full line represents 
the gain through increase of boiler- pressure and the dotted line the correspond- 
ing gain through increase of boiler capacity. The \'alues for these diagrams 
are taken directly from tables 4 and 6. It will be seen that starting with pres» 
sures which are comparati\'ely low, the most pronounced results are those to 
be derived from increments of pressure. With each rise in pressure, however, 
tlie chance for gain tlu-ough further increase diminishes. With a starting- 
point as liigh as iSo pounds, the saWng through increased pressure is but 
slightly greater than that which may result through increased boiler capacity. 

The fact should be emphasized that the conclusions above described are 
based upon data which lead back to the question of coal consumption. The 
gains which are referred to are measured in terms of coal which may be saved 
in the development of a given amount of power. It will be remembered that 
conditions which permit a saving in coal will, by the sacrifice of such sa\'ing, 
open the way for the development of greater power, but the question as defined 
is*one concerning economy in the use of fuel. It is this question only with 
which the diagrams (,figs. So to S5^ deal. 

There are other measures which may be applied to the performance of a 
locomotive which, if employed in the present case, would show some difference 
in real values of the two cur\*es (^figs. So to S5>. The indefinite character of 
these measures prevents them being directly applied as corrections to the 
results already deduce vl. but their effect niiiy be pointed out. Thus, the extent 
to which an increase of pressure will improve performance has been defined, 
but the definition assumes freedom from leakage. If. therefore, leakage is 
allowed to exist, the result defined is not secured. Moreover, an increase of 
pressure increases the chance of loss through leakage, so that, to secure the 
ad\'antage which has been defined, there must be some increase in the amount 
of attention bestowed, and this, in wliatever form it may appear, means 
expense, the effect of wliich is to reduce the net gain which it is possible to 
derive through increase of pressure. Again, in parts of the countr>- where the 
water-supply is bad, any increase of pressure will involve increased expense in 
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the more careful and more extensive treatment of feed-water, or in the 
increased cost of boiler repairs, or in detentions arising from failure of injector, 
or from all of these sources combined. The effect of such expense is to reduce 
the net gain which it is possible to derive through increase of pressure. These 
statements call attention to the fact that the gains which have been defined 
as resulting from increase of pressure (figs, 80 to 85) are to be regarded as 
the maximum gross; as maximum because they are based upon results 
derived from a locomotive which was at all times maintained in the highest 
possible condition, and as gross because on the road conditions are hkely 
to be introduced which will necessitate deductions therefrom 
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The relation which has been established showing the gain to be derived 
through increased boiler capacity is subject to but few qualifying conditions. 
It rests upon the fact that for the development of a given power a large boiler 
will work at a lower rate of evaporation per unit area of heating -surface than 
a smaller one. The saving which results from diminishing the rate of evapora- 
tion is sure; whether the boiler is clean or foul, tight or leaky, or whether the 
feed-water is good or bad, the reduced rate of evaporation will bring its sure 
return in the form of increased efficiency. An increase in the size of a boiler 
will involve some increase in the cost of maintenance, but such increase it 
slight and of a sort which has not been regarded in the discussion involving 
b(»lers designed for higher pressures. 
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Keeping in mind the fact that as applied to conditions of service the line 
A is likely to be less stable in its position than S, the facts set forth by figs. So 
to 85 may be briefly reviewed. 

Basing comparisons upon an initial pressure of 120 pounds (fig. So), a 5 per 
cent increase in weight, when utilized in securing a stronger boiler, will im- 
prove the efficiency 8.5 per cent, while if utiUzed in securing a larger boiler the 
improvement will be a trifle less than 3 per cent. Arguing from this base, the 
advantage to be derived from an increase of pressure is great. If, however, 
the increase in weight exceeds 10 per cent, the curve A ceases to diverge from 
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B and if both curves arc sulTicicntly extended, they will meet, all of which is 
proof of the fact that the rate of gain is greatest for relatively small incre- 
ments of weight. 

Basing comparisons upon an initial pressure of 140 pounds (fig. 81), the 
relali\'e ad\antagi.' of increasing the pressure diminishes, though on the basis 
of a 5 per cent increase in weight it is stil! double that to be obtained by 
increasing the capacity. 

Basing comparisons u|)on an initial pressure of 160 pounds (fig. 82), the ad- 
vantage to be gained by increasing the pressure over that which may be had by 
increasing the capacity is very small, so small in fact that a slight droop in the 
curve of increased pressure (.4) would cause it to disappear. As the curve B 
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may be regarded as fixed, while A, through imperfect maintenance of boiler 
or engine, may fall, the argument is not strong in favor of increasing pressure 
beyond the limit of i6o pounds. 

Basing comparisons upon an initial pressure of i8o pounds (tig. 83), the 
advantage under ideal conditions of increasing the pressure, as compared with 
that resulting from increasing the capacity, has a maximum value of approxi- 
mately one-half of i per cent. In view of the incidental losses upon the road 
the practical value of the advantage is nil. The curves A and B, fig. 83, con- 
stitute therefore no argument in favor of increasing pressure beyond the limit 
of 180 poimds. 







Basing comparisons upon an initial pressure of 200 pounds (fig. 84), it 
appears that under ideal conditions either the pressure or the capacity may be 
increased with equal advantage which in effect is a strong argument in favor 
of increased capacity rather than of higher pressure. 

Basing comparisons upon a pressure of 220 pounds (fig. 85), it appears that 
even under ideal conditions of maintenance the gain in efficiency resuhing 
from an increase of pressure is less than that resuhing from an increase of 
capacity. In view of this fact, no possible excuse can be found for increasing 
pressure above the limit of 220 pounds. 
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APPENDIX I. 



THE LOCOMOTIVE EXPERIMENTED UPON. 



33. Locomotive Schenectady No. 2 was ordered of the Schenectady 
Locomotive Works in 1897. In selecting a second locomotive which should 
serve the purposes of the Purdue testing-plant, it was decided to have the 
boiler of substantially the same capacity as that of the locomotive previously 
employed in the laboratory and which in later years has been known as 
Schenectady No. /. In some other respects the new locomotive differed 
from its predecessor. Its boiler was designed to operate under pressures as 
high as 250 pounds, a limit which was then 25 per cent higher than the 
maximum employed in practice. Horizontal seams are butt- jointed with 
welt strips inside and out, and are sextuple-riveted. The design of its 
cylinders and saddle is such as readily to permit the conversion of the simple 
engine into a two-cylinder compound. The driving-wheels of the new 
locomotive are of larger diameter than those of Schenectady No. /. 




Fio. 86. — Outline elevation of locomotive 

The securing of so fine a locomotive especially designed for its work by the 
university was made possible through the generous interest shown by the 
Schenectady Locomotive Works. Various other manufacturers, also, con- 
tributed to the general result. Chief among these should be named the Beth- 
lehem Steel Company, of South Bethlehem, Pennsylvania, which company 
contributed the hollow-forged, nickel-steel driving-axles and crank-pins; the 
American Steel Casting Company, of Thurlow, Pennsylvania, castings for the 
main frame, driving-wheel centers, crossheads, pistons, rock-shaft, driving- 
box saddles, and various smaller castings ; the Ashton Valve Manufacturing 
Company, of Boston, safety valves; the Detroit Lubricator Company, of 
Detroit, cylinder lubricator ; the Williams Sellers Company, of Philadelphia, 
injectors; and the Keasby & Mattison Company, of Ambler, Pennsylvania, 
magnesia boiler-covering. 
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The principal characteristics of the locomotive are as follows: 

Tjrpc 4-4-0 

Total weight, pounds 109,000 

Weight on four drivers, pounds 61,000 

Vsdves: Type, Richardson balanced. 

Maximum travel, inches 6 

Outside lap, inches li 

Inside lap, inches o 

Ports: 

Length, inches 12.0 

Width of steam port, inches 1.5 

Width of exhaust port, inches 3.0 

Total wheel base, feet 23 

Rigid wheel base, feet 8.5 

Cylinders : 

Diameter, inches 16 

Stroke, inches 24 

Drivers, diameter front tire, inches 69 . 25 

Boilers (style, extended wagon-top) : 

Diameter of front end, inches 52 

Number of tubes 200 

Gage of tube 12 

Diameter of tube, inches 2 

Length of tube, feet 11. 5 

Length of fire-box, inches 72 . 06 

Width of fire-box, inches 34-25 

Depth of fire-box, inches 79 . 00 

Heating-surface in fire-box, square feet 126.0 

Heating surface in tubes, water side, square feet 1196.00 

Heating surface in tubes, fire side, square feet 1086 .00 

Total heating surface including water side of tubes, square feet 1 322 . 00 

Total heating surface including fire side of tubes, square feet . . 1 2 1 2 . 00 

Total heating surface, value accepted for use in all calculations 1322 .00 
Ratio of total heating surface based on water side of tubes to 

that based on fire side of tubes i .091 

Grate area, square feet 17. 00 

Thickness of crown-sheet, inches -j'^ 

Thickness of tube sheet, inches i^f 

Thickness of side and back-sheets, inches f 

Diameter of stay-bolts, inches i 

Diameter of radial stays, inches i ^ 

Driving-axle journals: 

Diameter, inches 7i 

Length, inches 8i 

34. Work with Schenectady No. 2. — The locomotive as delivered in 
November, 1897, was equipped with 20-inch cylinders which were bushed to 
16-inch, and as soon as practicable thereafter was regularly operated in the 
routine work of the laboratory. As data accumulated it was discovered that 
the performance of the new engine was less satisfactory than that of the old. 
In seeking a cause for this result, it was found that the inside of the bushings 
was pitted by the tear of the tool which bored them and that the cylinder- 
covers were roughly turned. It was thought that these causes might have 
operated to increase cylinder condensation. The inside of the bushings and 
the surfaces of the cylinder heads were, therefore, carefully poHshed, but as 
the results were not all that had been anticipated, the 20-inch bushed cyHn- 
ders, with their comparatively large clearance, were finally removed and new 
16-inch cylinders appUed in their place. Meantime, also, there were occa- 
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%\(mul (lifTKiilties in the leakage of steam from the five steam ports to the 
rxliatHt |XjrlH in the joint between the c>*linders and saddles. Since after 
tdch (*hafi^(* it was necessary to allow considerable time for the natural 
pnurn«M*H of the lalxiratory to yield data from which to judge of its effect, 
pro^n'HH in advancing the more substantial investigations was necessarily 
filow. Mcantinic, however, several incidental investigations of some impor- 
tanrr w(*n* tuulcrtaken, such as an elaborate test of fuels,^ a test of a 
ni'W form of valvt* gear for locomotives, tests to determine the p ioportkm 
of iitraight aiul tajH-rcd stacks, f ^nd tests of a locomotive stoker. 

With (irolilciiiH of tlie sort already described requiring attention, and with 
only ntilliricnt money available to permit the operation of the testing-jdant for 
pntp^itM-n of itiHtruetioii, a study of the effect of high-pressures made fittle 
ifo^trnti. It wan not until 1904 that the grant was received from the Carnegie 
titttlttition of Washington which made it possible for the work to be under- 
tnken in a manner insuring its speedy conclusion. Thus aided, an organiza- 
tion wau elferted, tissuring the continuous operation of the laboratory, and 
wotk wan tmdertakeii in earnest. During the following summer it became 
n(*eent»arv to Hi*nd tlie locomotive to the shops of the Pennsylvania Railroad 
(*ompanv at Indiana]M)lis, where new side-sheets were appUed to the fire-box 
of thi' Ixiilri , it having l)een found difficult to keep the old ones absolutely tight 
In thr pf('»M'nrr oi small rracks which had developed. At the beginning of the 
«nrM'edliig nrhool year the work under the auspices of the Carnegie Institution 
itt Wa«jlihiKt«»n was renewed, and continued throughout the school year. As in 
|mie, t»oitir teMts still remained to l>c run, the work was continued into the 
iinmMH'r, thr hi*%{ test having lx*en run August 7, 1905. 

ri I'lloriHiMAlMis AND DRAWINGS. — Locomotive Schenectady No. 2, as it 
itiipeitiril when delivereil to the University, is shown by fig. 86, a series of 
lllnqtiittidiit) Imhu photographs showing the engine as mounted in the labora- 
lot V i'V liK^* H/ to if \, and line drawings of its most essential details by figs. 
of Ion/ 

♦ 'iMcioiif t M.tl till l,«M(»in(iiivi»H, |»r()cecdings of the Western Railway Club, Dec., 1898. 
I h>4lQ I if l,M( niiinlivr Slui'ki, American Hngineer for the year 1902. 
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Fio. 98.— Crowhead. 
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Fio. 102. — Eccentric strap. 
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I. 104.— Link DDd block. 
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FlO. 106. — Rocker and rocker boi. 
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Fig. 107 —Valve yoke. 
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Fio. 109. — Rever»e 
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Fid. 111.— Ttarutllel 
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Fia 114. — BxbauMplpc 
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APPENDIX II. 
METHODS. AND DATA DERIVED FROM TESTS. 

36. The Tests. — All tests, the results of which are herewith presented, 
have been run under a full open throttle. Six different pressures have been 
employed, namely, 120, 160, 180, 200, 220, and 240 potmds by gage. At 
each of these pressures tests have been nm at a speed of 20, 30, 40, and 50 
miles, and under all conditions of pressure, save that of 240 poimds, tests 
have been run at 60 miles an hour. For each speed and pressure, where 
practicable, tests have been run at two or more different cut-offs. The plan 
of the tests has, therefore, involved three variables, namely, pressure, speed, 
and cut-off. The purpose of the plan has been to define the performance 
of the engine when running under a wide-open throttle, and within limits 
which were found practicable with reference to each of the three variables 
named. 

Much has already been made of record concerning the methods of testing 
upon the Purdue locomotive testing-plant, making an elaborate description 
unnecessary in this connection.* Great pains were always taken to avoid 
all occasions for correcting observed data. Leaks, either of water or steam, 
were not permitted. In anticipation of a test, the engine was always warmed 
by a considerable period of preliminary running. As a check upon the work 
as it proceeded, observations were plotted as taken. Observers were em- 
ployed as follows : 

To keep running log and time and to read the smoke-box draft gages i 

To take indicator-cards, to read the dry-pipe pressure, the back-pressure, the draft 

in the fire-box, and to check time on the Bristol recording-gages 2 

To control the speed by regulating the brake load 1 

To weigh feed-water 2 

To weigh coal and to observe boiler-pressure and smoke-box temperature 1 

To read the dynamometer and the counter registering the continuous revolutions of 

driving-axles i 

To read the throttling calorimeter, the barometer, and the thermometer showing 

laboratory temperature i 

To weigh the injector overflow and to make a graphical running-log i 

To operate the cinder-trap 2 

To sample smoke-box gases i 

37. Observed and Calculated Data are presented in detail by tables 7 
to 22. In these tables each horizontal line represents a test and the several 
tests are grouped with respect to steam-pressure. The duplicate tests, la, 
3a, and 5a, the results of which appear in the tables, have been included 
with the others chiefly for the purpose of securing as large a number of points 
as practicable from which to define the boiler performance under a pressure 
of 240 pounds. For convenience in presentation, the entire exhibit is sepa- 
rated into different tables, an explanation of which follows. 

♦Locomotive Performance, John Wiley & Sons. Also, Tests of the Experimental 
Locomotive of Purdue University, Proceedings of the American Society of Mechanical 
Engineers. 
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Tablb 7. — Gbnerai* Conditions. 

Column I. Test number. 

Column 2. Laboratory symbol, — ^The first term of this S)anbol represents the 
speed in miles per hour, the second the position of the reverse lever upon its 
quadrant, expressed in notches forward of the center, and the third the steam- 
pressure. Thus, the symbol for test No. i is 20-2-240, which indicates that 
the test was run under a speed of 20 miles an hour, that the reverse lever was 
in the second notch forward of the center, and that the boiler-pressure was 240 
pounds. 

Column 3. Date, — ^This column will be of service to those who wish to trace 
the sequence of tests. 

Column 4. Duration of test in minutes, — In general it was sought to have all 
tests of such length as would permit the burning of not less than 250 pounds 
of coal per foot of grate-surface, but it often happened, especially where 
the conditions of a test were such as to tax the capacity of the boiler, that the 
test was terminated because of some unexpected defect, such, for example, as a 
hot axle-box or crank-pin, or the failure of an injector. 

Column 5. Reverse lever , notch from center forward. 

Column 6. Position of throttle. — ^This, for all tests under consideration, is 
shown to have been wide open. 

Column 7. Barometer-pressure, pounds per square inch. 

Column 8. Boiler-pressure, determined by reference to a special gage so 
attached that it could readily be calibrated. The value given is the average 
of observations made at 5-minute intervals. The boiler-pressure was also 
registered by a special Bristol recording-gage, the chart of which was timed to 
make a complete revolution in 6 hours. 

Column 9. Dry-pipe pressure was read from a gage attached to one of the 
branch-pipes. The value given is the average of observations made at five- 
minute intervals. Comparing the values obtained from it with those obtained 
from the boiler-gage should disclose the drop in pressure between the boiler and 
cylinder-saddle. 

Column 10. Temperature of the laboratory is the average of observations 
taken at lo-minute intervals. 

Tablb 8. — Speed, Water, and Steam. 

Column II. Total revolutions is the difference between the initial and final 
reading of the engine register. Readings from this register were taken at 10- 
minute intervals. The speed was also indicated and registered by a Boyer 
speed-recorder, the reading of which gives a ready means of noting fluctua- 
tions of speed during any given test. 

Column 12. Revolutions per minute = column II-^ column 4. 

Column 13. Miles equivalent to total revolutions = column 11 X circumfer- 
ence of drivers in feet -r- 5280 = column 1 1 -r- 292.31. 

Column 14. Miles per hour = column 13 X 60 -f- column 4. 

Column 15. Temperature of feed-water, the average of readings in degrees 
Fahrenheit at lo-minute intervals. The comparatively high temperature 
represented by some of the values given in this column are due to the use of 
distilled water obtained from the heating-plant. 
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Column 1 6. Water delivered to boiler is the total amount of water weighed to 
injectors, less that lost by injector overflow. The apparatus by means of 
which the feed-water was supplied and weighed consists of a circular tank 6 
feet in diameter and 8 feet high, from which the injectors draw their supply. 
This tank is fitted with a single water-glass by which the level of the water 
within may be noted. Above this tank, a large weighing tank was mounted 
on a pair of scales, arranged with a quick-opening valve and an overflow. 
When in use, this tank was filled to overflowing and weighed, after which 
it was emptied as needed, and when empty weighed again, tlms giving the 
exact weight of water used. A low-pressure Bristol recording gage connected 
with a small pipe opening downward into the weighing tank, by registering 
the difference in pressure as the tank was alternately filled and emptied, 
served as a check upon the count of the observers. This gage was screened 
and locked from those engaged in the weighing. 

The locomotive having been brought to conditions of running prescribed for 
a test, in anticipation of the start the injectors were shut off, and the discharge 
valves of the weighing-barrels closed. Upon signal, the height of the water 
in the water-glass upon the boiler was noted by means of a graduated scale and 
the level in the large tank was defined by means of a light thread tied about the 
glass. As the test proceeded, the water level in the main tank was allowed to 
stand below the thread. At the end of a test it was sought to have the level 
of the water in the boiler the same as at the beginning. This was usually 
accomplished within a small fraction of an inch, variations in height being 
accounted for by allowing 36 pounds for each tenth of an inch difference in 
level. The injectors were shut off either before or at the end of a test, after 
which the main tank from which their supply is taken was filled to the thread 
on the glass. The water which passed the weighing tank from the time the 
test was started until the supply tank was filled to its original level represents 
water delivered to the injectors. 

Water lost at the overflow of the injectors was received by a small caK- 
brated tank upon the subfloor of the laboratory, readings of which were taken 
at the beginning and end of the test. Water thus accounted for, when 
deducted from the total weight delivered to the injectors, gives the water 
delivered to the boiler, as set forth in column 16. 

Column 17. Water lost from boiler includes that discharged by the calo- 
rimeter and, in some few cases, that which was estimated to have been lost 
by incidental leaks which sometimes started during the progress of a test. 
The calorimeter loss per hour was: 

54 pounds when boiler-prcssurc was 240 pounds. 
49 pounds when boiler-pressure was 220 pounds. 
43 pounds when boiler-pressure was 200 pounds. 
37 iKHinds when boiler-pressure was 180 pounds, 
34 pounds when boiler-pressure was 160 pounds. 
20 pounds when boiler-j)ressure was 120 pounds. 

Column 18. Steam supplied to engine = column 16 — column 17. 

Column 19. Water evaporated by boiler per /?0Mr= column 16 X 6o-^column 4. 

Column 20. Steam supplied engine per hour = column 18 X 60 -^ column 4. 

Column 21. Quality of steam in dome of boiler. — This was determined by a 
throttling calorimeter, the orifice of which was 0.072 inch in diameter. The 
calorimeter was attached close to the dome and was carefully wrapped as a 
precaution against radiation. 
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Tablb 9. — Coal. 

Column 22. Kind of coal, — During some of the work involved by the tests 
under consideration, different samples of coal suppUed by the Cleveland, Cin- 
cinnati, Chicago and St. Louis (Big Four) Railroad Company were used. 
The origin of this coal was not known to the laboratory authorities. The fact, 
however, that the coal was donated and that the principal interest in the in- 
vestigation concerned cyUnder performance, seemed to justify its use. Later, 
however, arrangements were made with the C. Jutte Company, under which 
Youghiogheny coal was donated f. o. b. Cincinnati, and this coal was ex- 
clusively used for all work which had not been done prior to September, 1904. 
The coal thus secured is a bituminous coal of recognized quality. It is one of 
the grades recommended by the committee of the American Society of Me- 
chanical Engineers as a standard for boiler tests. While the records of the 
laboratory are complete for all tests, that of the boiler is omitted for tests not 
run with the Youghiogheny coal. AH facts presented by the record are, there- 
fore, entirely comparable. An analysis of the coal used is shown in table 6a. 

TablG 6a. — Coal analysis. 



1 


X 


3 


4 


5 


6 


No. of 
test. 


Combined 
moisture. 


Ash. 


Volatile 
combustible. 


Fixed carbon. 


Sulphur. 


I 


0.618 


8.423 


33 . 044 


57.914 


0.863 


la 


0.385 


9 567 


33 • 054 


56 . 993 


0.765 


2 


0.752 


6.425 


33 • 707 


59.115 


0.901 


y^ 


0.798 


10.089 


33-184 


55 . 930 


1 .170 


5 


0.562 


7.454 


33-628 


58.357 


0.925 


5a 


0.926 


8.711 


32.936 


57.426 


0.862 


8 


0.612 


7.140 


33.266 


58.981 


0.876 


II 


0.727 


7.440 


33-854 


57-979 


0.796 


13 


1 .060 


7.028 


33.989 


57.922 


0.900 


H 


0.980 


6.161 


33.989 


58 . 869 


1.022 


15 


0.853 


7-779 


33 . 580 


57.787 


0.946 


16 


1 .040 


7.092 


33-665 


58.203 


0.779 


17 


0.976 


6.320 


34-698 


58.005 


0.890 


21 


0.933 


6.385 


34 - 296 


58 . 385 


0.794 


22 


1.050 


7 950 


34 - 385 


56.615 


0.909 


24 


I 057 


6.986 


33-745 


58.211 


0.859 


29 


0.992 


6.845 


34.160 


58.002 


0.879 


30 


1. 718 


7.170 


34 - 503 


57609 


0.879 


32 


0.773 


6.224 


34.485 


58.518 


0.766 


33 


0.457 


6.907 


34 . 248 


58.387 


0.883 


35 


1.442 


6.899 


33-616 


58.042 


0.856 


37 


I. 313 


7.203 


33 420 


58.064 


1 .021 


38 


0.656 


7.291 


32.675 


59.377 


0.823 


39 


1.019 


6.274 


34-»94 


58.512 


0.884 


41 


1. 015 


6.705 


35 ,475 


56 . 785 


1.185 


42 


0.852 


6.968 


34.120 


58.060 


0.891 


67 


0.985 


7.890 


35-640 


55 485 


1.040 


68 


0.855 


6.950 


35.320 


56.875 


0.900 


76 


0.811 


6.326 


34-026 


58 . 836 


0.851 


77 


0.540 


8.327 


34-212 


56.921 


0.811 


81 


0.709 


6.711 


34.431 


58.139 


0.853 


87 


0.850 


8.010 


35 - 520 


55.615 


1 .610 


89 


0.212 


8.840 


34.418 


56.495 


1.150 


92 


1. 015 


9.370 


34.450 


55.165 


1-095 


94 


1. 100 


7.410 


35.500 

1 


55-945 


1.227 
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the stack, in a manner which has been elsewhere described.* By means of a 
suitably curved tube it is possible systematically to explore the issuing stream 
of steam and gases and to entrap all solid matter which comes within the area 
of the exploring-tube. From data thus obtained, an estimate has been made 
of the spark losses per hour, with the results set forth in column 32. 

Table 10. — Draft and Boiler Performance. 

Column 33. Draft in front of diaphragm is expressed in inches of water and is 
the average value of observations taken at 5 -minute intervals. 

Column 34. Draft hack of the diaphragm is expressed in inches of water 
and is the average value of observations taken at 5-minute intervals. The 
difference between the values of column 33 and column 34 represents the 
resistance of the diaphragm. 

Column 35. Draft in fire-box is expressed in inches of water and is the average 
of observations taken at 5-minute intervals. The connection with the fire-box 
was by means of a hollow stay-bolt. The difference between the values of 
column 34 and those of 35 should represent the resistance of the tubes. 

Column 36. Smoke-box temperature. — The values of this column are the 
average of observations taken by means of a high-grade thermometer at 10- 
minute intervals. 

Column 2tl' Water evaporated per square foot of heating-surface per hour. — 
This is column 19 -r- 1322. 

Column 38. Water evaporated per pound of dry coa/= column 19 -=- column 
27. This column gives the actual evaporation. 

Column 39. Equivalent evaporation per hour = column 19 X column 43 -r- 
965.8. 

Column 40. Equivalent evaporation per square foot of heating-surface per 
hour=cohimii 39 -=-1322. 

Column 4 1 . Equivalent evaporation per square foot of grate surface per hour = 
column 39 -r- 17. 

Column 42. Equivalent evaporation per pound of dry coal ^ column 39 -r- 
column 27. 

Table ii. — Boiler Performance (Continued). 
Column 4.;^. B. t. u. taken up by each pound of water evaporated^xr-^- 

Column 44. B. t. u. taken up by the boiler per minute = column 19 X column 

43 -5- 60. 

Column 45. B. t, u. taken up by boiler per pound of dry coal = column 38 X 
column 43. 

Column 46. B. t. u. taken up by boiler per pound of combustible = column 
45 X 100 -7- per cent of combustible as shown by analysis in table 6a, "Coal 
Analysis,'* of this App3ndix in the explanation of column 22. 

Column 47. B. t. u. taken up by boiler for 100 B. t. u. in coa/= column 45 X 
100 -i- column 55. 

Column 48. Boiler horsepower = column 39 -=- 34.5. 

♦ Locomotive Sparks, published by John Wiley & Sons; also, The Effect of High Rates 
of Combustion upon the Efficiency of Locomotive Boilers, Proceedings of the New York 
Railroad Club, September, 1896. 
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Tabls 12. — Chemical Results. 

Columns 49 to 52. Composition of flue gases. — The sampling of flue gases was 
accomplished by the use of a long copper tube p^issing through a suitable 
fixture attached to the shell of the smoke-box. The sampling-tube entered 
the smoke-box radially and was of sufficient length to extend to its center. 
Gas entered the sampling-tube by small perforations near its inside end. The 
arrangement was such that the penetration of the tube into the smoke-box 
could be varied from nothing to 28 inches. In taking a sample, the tube was 
systematically moved over a distance of 3 or 4 inches at a time and allowed to 
remain in each position for a period of several minutes. In this manner each 
sample was drawn from all points in the path of the tube. The samples were 
in all cases drawn from the smoke-box over mercury and were analyzed by 
means of an Orsat-Muncke apparatus. Every eflFort was made to secure 
accuracy in this work. A skillful chemist gave his entire time to securing 
samples of gas and coal and in analyzing the same. Notwithstanding the 
precautions taken, the results do not serve any large purpose in explaining the 
performance of the boiler. For example, among the results of the tests are 
some showing abnormally high boiler performance, and others for which the 
performance is low. It had been hoped that in some of these cases at least the 
composition of the smoke-box gases would disclose the reason for abnormal 
performance. It has been concluded, however, after an elaborate study of 
the whole matter that no safe relation can be traced between the actual 
evaporative performance of the boiler and the composition of the smoke-box 
gases. Computations have been made, also, for a considerable number of the 
tests, in the development of a heat balance, into the calculation of which the 
composition of the smoke-box gases enters. Such computations, however, 
developed a factor unaccounted for too large to justify the work. The defect 
in the process of determining the composition of the gases lies probably in the 
methods by which the sample is secured. The fact seems to be that no system 
has yet been devised by which a sufficiently representative sample of gas can 
be secured from the smoke-box of a locomotive into which gases of many dif- 
ferent values arc doubtless discharged, the movement of which is too rapid and 
the course by which they proceed too direct to insure any considerable amount 
of mixing in the smoke-box. The problem is one which merits further study. 

Cohimn 53. Air used per pound of carbon is calculated from an analysis of 
the flue gases. 

Cohimn 54. Excess air. 

Column 55. B. t.u, per pound of coal. — Values in this column are calculated 
from the analysis of coal. From each sample of coal which had been sub- 
mitted to the drying test a sample sufficient to fill a quart fruit jar was taken 
for chemical purposes. This sample was employed in determining the volatile 
combustible matter, fixed carbon and sulphur from which the result was de- 
termined. (See explanation of column 22.) 

Table 13. — Events of the Stroke from Indicator-Cards. 

The indicator work received careful attention. In all cases two instru- 
ments were used upon each cylinder. A short nipple and elbow constituted 
the only piping between the indicator and the cylinder. The drum motion 
was positive and provided a reciprocating-bar which moved just behind the 
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drum of the indicators, permitting action from the shortest possible length of 
cord. The drum motion was designed to give a card of 3.75 inches in length. 
The design of the reducing-gear is shown by fig. 1 18, Cards were taken at 10- 
minute intervals throughout the test. The results recorded are the average 
for all cards. 
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Fio. 119— Valve 



The valve setting for the test is best shown 
by the valve-motion diagram, fig. 119. 

In reviewing the tabulated data, it will be 
found that the position of the reverse lever does 
not always define the events of the stroke. For 
example, the cards may show considerable vari- 
ation in cut-off for two tests which were run 
with the same position of the reverse lever. 
This results from the inertia effects acting 
upon the valve and its gear and from differences 
in the condition of lubrication, in combination 
with lost motion in joints and strain in parts. 

Co/umnj 56 (o 60. Admission. 

Columns 61 to 65. Cut-off. 

Tablb 14.— Events op ths Stboks (ContinuSd), 

Columns 66 to 70. Release. 
Columns 71 to 75. Compression. 

Tablb 15. — Pressurbs from Indicator -Cards. 
Columns 76 to 80. Initial 
Columns &i to 8$. Atcut-off. 

Table 16. — Pressures prom Indicator-Cards 

(Continued), 

Columns &6 to go. At release. 
Columns 91 to 95. At compression. 

Table 17.— Pressures prom Indicator-Cards 

(Continued). 

Columns 96 to 100. Least back pressure. 
Columns 101 to 105. Mean effective pressure. 

Tablb 18,— Engine Perpormancs. 

Columns 106 to no. Indicated horsepower. — 
The power was calculated by the use of a con- 
stant based upon the accurately determined 
dimensions of the engine and representing the 
horsepower, assuming the engine to make one 
revolution per minute in response to one pound 
meaneffective pressure. These horse power con- 
stants are as follows: 

Horsepower constants: 

Right side : 

Head end o.oiaij 

Crank end 01186 

Left side: 

Headend 0. 01243 

Crank end oiao? 
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The power for each cylinder end was determined by multiplying the horse- 
power constant by the average mean efifective pressure for a test, columns 10 1 
to 104, by the revolutions per minute, column 12. 

Column III. Steam per indicated horsepower per hour by tank. — This is 
column 20 -7- column 1 10. 

Column 112. Steam per indicated horsepower per hour by indicator ^= {col- 
umn 127 - column 132) X 60 X column 12 —column 1 10. 

Column 113. Coal per indicated horsepower per horsepower hour = column 
27 -^ column 1 10. 

Column 114, B, t. u, supplied engine per minute =^ column 20 X column 
43-^60. 

Column 115. B. t. u. supplied engine per minute, assuming temperature of 
feed to have been equal to temperature of exhaust = column 20 X (column 
43 + T-32-g) -T-60 where T is the temperature of feed- water and q the heat 
in I pound of water at a temperature corresponding to the least back-pressure 

Column 116. B, t. u. per indicated horsepower per minute =^ coXumxi 114-5- 
column no. 

Column 117. B. t. u, per indicated horsepower per minute, on the assump- 
tion that the temperature of the feed was equal to the temperature of exhaust = 
column 115 -j- no. 

Table 19. — Stbam Shown by Indicator. 

In determining the weight of steam present in the engine cylinder at any 
point in the stroke, three factors must be known, namely, the volume occupied 
by the steam in question, its pressure and its weight per unit volume. The 
constants for volumes employed in determining the weight of steam shown by 
indicator, as determined from accurate measurements, are as follows: 

Piston displacement in cubic feet. 



Right side: 

Head end 2 . 8020 

. Crank end 2 7196 



Left side: 

Head end 2 . 8486 

Crank end 2 . 7660 



Cylinder clearance, per cent of piston displacement: 



Right side: 

Headend 7.44 

Crank end 7-98 



Left side: 

Head end 7-34 

Crank end 7-63 



The volumes for any point in the stroke was found by adding the per cent 
of that portion of the whole stroke which the piston had passed over to reach 
the point in question (columns 56 to 75) to the per cent of clearance, and 
multiplying by the piston displacement. 

The pressure above atmosphere at the several points in the stroke to be 
investigated appears in columns 76 to 95. The weight per unit volume cor- 
responding to this pressure was found from Peabody's steam table. 

Columns 118 to 122. Pounds of steam shown by indicator at cut-off. — The 
values given are the average of those obtained from indicator-cards taken at 
lo-minute intervals. 

Columns 123 to 127. Pounds of steam shown by indicator at release. — The 
values given are the average of those obtained from indicator- cards taken at 
lo-minute intervals. 
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Table 20. — Cylinder Performance. 

Columns 128/0 132. Pounds of steam slwwn by the indicator at the beginning 
of compression. — The values shown are the average of those obtained from 
indicator-cards taken at lo-minute interv^als. 

Column 133. Weight of steam per revoluiion by tank = co\. 18 -^ col. 11. 

Column 134. Weight of mixture in cylinder per revolution = column 133 + 
column 132. 

Column 135. Per cent of mixture present as steam at cut-off = 100 X column 
122-7- column 134. 

Column 136. Per cent of mixture present as steam at release = (100 X column 
127) -^ column 134. 

Column 137. Reevaporation per revolution = column 127 — column 122. 

Co/wwn 138. Reevaporation per indicated horsepower per hour = column 
137 X 60 X column 1 2 -h column 1 10. 

Table 21. — Performance of the Locomoti\'E as a Whole. 

Column 139. Draw-bar pull. — ^The values given are the average of observa- 
tions made from a traction dynamometer at 5-minute intervals. 

Column 140. Dynamometer horsepower. — To aid in calculating dynamometer 
horsepK)wer, a constant was employed representing the horsepower which 
would be developed if the drivers were to revolve one revolution a minute and 
the locomotive were to exert i -pound pull at the draw-bar. One factor in 
such a determination is the circumference of the drivers, which by accurate 
measurement was found to be 18.063 feet. Upon this basis, the dynamometer 
horsepower constant is, K = 0.000547. The values in this column are, there- 
fore, column 1 39 X column 12 x K. 

Column 141. Machine friction in terms of mean effective pressure = column 
105 -the M. E. P. equivalent to the pounds pull at the draw-bar, column 139 

Column 142. Machine friction, per cent of indicated horsepower = (100 X 
column 141) -7- column 105. 

Column 143. Machine friction horsepower = column 142 X column no. 

Column 144. Steam per dynamometer horsepower hour = column 20 -7- 
column 340. 

Column 145. Coal per dynamometer horsepower per /tottr= column 27 -r- 
column 140. 

Table 22. — Comparative Performance of the Locomotive Assuming Incidental 
Irregularities in the Results of Individual Tests to have been Eliminated. 

Column 146. Equivalent steam to engine per hour, feed-water at a temperature 
of 60° F. = column 20 X (column 43 -f- column 15 - 60) -^ 965.8. 

Column 147. Equivalent evaporation per pound of dry coal, assuming the 
evaporative efficiency of tJie boiler to have been represented by the equation E = 
1 1.305 -0.221 //, where E is the equivalent evaporation per pound of coal 
and H is the rate of evaporation per foot of surface per hour. For values in 
question,// = item 146 -7- 1322. 

Column 148. Dry coal fired per hour, assuming the evaporative efficiency to 
be that shown by the equation, equals 146 -^ column 147. 
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Column 149. Dry coal per indicaied horsepower hour = column 148 -5- 
column 1 10. 

Column 1 50. Equivalent steam per indicated horsepower hour = column 
146 -^ column i lo. 

Column 151. Machine friction in terms of mean effective pressure, — The 
purpose of this column is to eliminate irregularities in action due to variations 
in lubrication, etc. The values given are those obtained by drawing a smooth 
curve through plotted points in the manner described in detail in paragraph 
25, Chapter IV. 

Column 152. Machine friction horsepower is the power-equivalent, assuming 
the friction M. E. P. to have been that shown by column 151. 

Column 153. Machine friction, per cent of indicated horsepower = 100 X 
column 152 H- column no. 

Column 154. Dynamometer horsepower = column no — column 152. 

Column 155. DraW'har pull = 2>Zi00oXco\, 154+ (18.063 X col. 12). 

Column 156. Coal per dynamometer horsepower hour = col. 148 -i- col. 154. 

Column 157. Steam per dynamometer Jtorse power per hour = column 146 -r- 
column 154. 
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HIGH STEAM-PRBSSURBS IN LOCOMOTIVB SERVICE. 



Tablb 7. — General conditions. 



Tem- 
pera- 
ture 
of lab- 
ora- 
toty. 



Designation of tests. 




I 

la 

2 

3 
3a 

4 
5 

50 
6 

7 
8 

9 
10 

II 

12 

13 
14 
15 
16 

17 

18 

19 
20 

21 

22 

23 

24 

25 
26 

27 

28 _ 

29 
30 
31 
32 

33 
34 
35 
36 

37 

3« 

39 
40 

41 

42 

43 
44 
_45_ 
46 
47 





Re- 




verse 


Dura- 


lever 


tion 


notch 


of 


from 


test. 


center 




for- 




ward. 


4 


5 



Position of 
throttle. 



6 



Baro- 
meter 
pres- 
sure. 


Boiler 
pres- 
sure, 
by gage. 


Dry- 
pipe 
pres- 
sure, 
by gage. 


7 


8 






10 



20-2-240 
20-2-240 
20-4-240 
20-6-240 
20-6^240 
20-8-240 
30-2-240 
30-2-240 

30-4-240 

30-6-240 
40-2-240 
40-4-240 
40-6-240 
50-2-240 
5(>-4-240 

20-2-220 
20-4-220 
20-6-220 
20-8-220 
30-2-220 
30-4-2 20 
30-6-220 
30-8-220 
40-2-220 
40-4-2 20 
40-6-220 
50-2-220 
50-4-220 
50-6-2 20 
60-4-220 
60-6-220 

20-2-200 
20-4-200 
20-6-200 
20-8-200 
30-2-200 
30-4-200 
30-6-200 
30-8-200 
40-2-200 
40-4-200 
40-6-200 
40-8-200 
50-2-200 
50-4-200 
50-6-200 
60-4-200 
60-6-200 



Mar. 
Jan. 
Feb. 
May 
Feb. 
Feb. 
Feb. 
Jan. 
May 
Jan. 
Mar. 
Apr. 
Jan. 
Feb. 
Feb^ 

May 
Apr. 
Apr. 
Mar. 
May 
Aug. 
July 
Aug. 
May 
Aug. 
Aug. 
May 
Aug. 

• • • • 

• • • • 

• • • • 

May 
Apr. 
Apr. 
Mar. 
Apr. 
Apr. 
June 
Aug. 
May 
Feb. 
Apr. 
Aug. 
July 
Apr. 
Aug. 



I 

27 
18 

13 

3 
I 

20 

9 

2 

20 

3 

29 
II 

24 
6 



8 

24 
26 

24 
12 

3 
10 

I 

17 

7 
I 

19 

4 
do. . 

do. . 

do . . 



05 

05 

05 

04 

05 

05 

05 

05 
04 

05 

05 
04 

05 
05 
05 



05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 



10, 

7. 
I, 

27, 
10, 

6, 

I, 

I, 

23, 
22, 
28, 

I, 

8, 

5. 

4» 
do . 

do . 



'05 
'05 
'04 
'05 

'05 
'04 

'05 
'05 
*05 
'05 
'05 
'05 
'05 
'05 
'05 



Min. 

80 

55 
20 

25 
50 

• • 

20 

65 
40 

35 
65 
15 

■ • 

60 



2 
2 

4 
6 

6 

8 
2 

2 

4 
6 

2 

4 
6 

2 

4 



180 


2 


185 


4 


165 


6 


125 


8 


210 


2 


120 


4 


100 


6 


• • • 


8 


200 


2 


60 


4 


• • • 


6 


120 


2 


30 


4 


■ • • 


6 


• • • 


4 


• • • 


6 



10 


2 


10 


4 


75 


6 


50 


8 


10 


2 


90 


4 


50 


6 


• • 


8 


80 


2 


65 


4 


15 


6 


• • 


8 


00 


2 


20 


4 


• ■ 


6 


• • 


4 




6 



Wide open 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



20-2-180 
20-4-180 



Feb. 
Feb. 



17, 04 
15, '04 



240 
240 



2 
4 



.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



. .do. . 
• •do. . 



4.47 



47 
40 

41 
70 
60 

56 
60 
48 

45 

34 

39 

34 

45 
40 



Lbs. 

241.5 

235.8 
242.2 

238.3 

236.4 
240.0 
240.0 
239.2 
240.2 

237.5 
242.0 

241. 1 

240.0 

242.0 

240.0 



Lbs. 
240.9 
232.9 

237.2 
233.9 



235.0 

235- 1 
232.0 

240.5 

239.2 
228.0 



I 



40 

50 
20 

44 

47 
40 

40 

44 
30 
40 

44 
47 
41 
41 
41 
41 



221.6 
219.8 
220.1 
220.6 
220.5 
220.0 
218.8 
218.0 
220.7 
218.6 

219.5 
220.8 

220.0 

220.0 

221.0 

220.0 



218.4 
216.6 
215.2 
218.4 
219.7 
219. 1 
215. 1 

217.7 
212.8 

218.0 



40 

37 
46 

40 

20 

40 

40 

44 
50 
50 
20 

44 
40 

30 

41 

41 

41 



200.2 
199.6 
199.7 
200.3 
199.4 
200.0 
199.4 
200.0 
200.4 
201.6 
199.4 

199.5 
200.5 

200.6 

202.0 

200.0 

201 .0 



196.9 
196.9 

195.6 
200.2 

199.3 
196.7 

195.9 
194.4 

197.8 
196.2 



72.0 
75.0 
69.0 
81.7 
80.0 

• • • • 

78.0 
79 o 

• • • • 

73.4 
77.0 
89.0 
81.0 
69.0 



84.0 
81.0 
77.0 
84.0 
83.0 
82.1 
76.6 

• ■ • • 

80.0 
85.0 

• • • • 

88.0 
83.0 



90.0 
75.0 
78.4 
83.0 
84.0 
75.0 
84.0 

• • « • 

87.0 
78.0 
86.0 

• • • • 

84.0 
79.0 



60 

54 



183.0 
181. 6 



181. 2 
179.0 



74.0 
73.0 
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Tablb t.— General conditions — Continued. 



Designation of tests. 



I 



48 

49 
50 

51 
52 
53 
54 
55 
56 

57 
58 

59 
60 

61 

62 

63 
64 

65 
66 



67 
68 

69 

70 

71 
72 

73 
74 
75 
76 

77 
78 

79 
80 

81 

82 

83 
84 



85 
86 

87 
88 

89 
90 

91 
92 
93 
94 

95 
96 

97 



Laboratory 
symboL 



Date. 



3 





Re- 




verse 


Dura- 


lever 


tion 


notch 


of 


from 


test. 


center 




for- 




ward. 


4 


5 





Baro- 


Position of 


meter 


throttle. 


pres- 




sure. 



6 



20-6- 

20-8- 

20-10- 

30-2- 

30-4- 

30-^ 
30-8- 

30-10- 

40-2- 

40-4- 
40-6- 

40-8- 

40-10- 

50-2- 

50-4- 
50-6- 

50-8- 

60-4- 

60-6- 



20-4- 
20-6- 
20-8- 

20-10- 

30-4- 
30-6- 

30-8- 
30-10- 
30-12- 

40-4- 

40-6- 
40-8- 

40-10- 

50-4- 
50-6- 

50-8- 

60-4- 

60-6- 



20-4- 

20-8- 

20-12- 

30-4- 
30-8- 

30-14- 
40-4- 

40-8- 

40-12- 

50-4- 
50-8- 

50-11- 
60-8- 



80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 



Mar. 

Mar. 

Aug. 

Feb. 

Mar. 

Mar. 

Jan. 

Aug. 

Feb. 

Feb. 

Dec. 

Apr. 

Aug. 

Feb. 

Feb. 

Mar. 

Aug. 

Aug. 

Aug. 



16 

18 

I 

19 

28 

23 
20 

I 

26 

24 
6 

II 
I 

29 
22 

2 

4 
4 
4 



60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 



July 
July 
Mar. 
Aug. 
July 
July 
Apr. 
Dec. 
Aug. 
Apr. 
Apr. 
Apr. 
Aug. 
July 
Apr. 
Aug. 
Aug. 
Aug. 



19 

27 

30 

1 

6 

18 

18 

16 

I 

12 

19 

13 
I 

28 

17 
4 
4 

4 



20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 



July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
Aug. 
Aug. 



7 

3 
II 

20 

5 
12 

21 

14 

13 
22 

25 
7 
4 





Min. 




04 


210 


6 


04 


155 


8 


05 


• ■ • 


10 


04 


240 


2 


04 


220 


4 


04 


150 


6 


04 


100 


8 


05 


• • • 


10 


04 


220 


2 


04 


220 


4 


04 


105 


6 


04 


85 


8 


05 


• • • 


10 


04 


120 


2 


04 


115 


4 


04 


60 


6 


05 


• • • 


8 


05 


• • • 


4 


05 


• • • 


6 



Wide open 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
• do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do 



05 

05 
04 

05 
05 
05 
04 

04 

05 

05 

05 
04 

05 
05 
05 
05 
05 
05 



210 


4 


210 


6 


185 


8 


■ • • 


10 


210 


4 


210 


6 


145 


8 


• • • 


10 


■ • ■ 


12 


210 


4 


170 


6 


no 


8 


• • • 


10 


75 


4 


120 


6 


• • • 


8 


• ■ • 


4 


• • • 


6 



05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 



210 
210 


4 
8 


200 


12 


210 
210 


4 
8 


120 


14 


210 
190 
120 


4 

8 

12 


120 
120 


4 
8 


40 

• • • 


II 
8 



. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. . do . . 
. . do . . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 



. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. .do. . 
. . do. . 
. .do. . 



Lbs. 

4.54 



45 

44 

18 

47 
58 

43 
44 
50 

51 

45 
22 

44 
29 
48 
31 
41 
41 
41 



44 
40 

29 

44 

35 

45 
40 

40 

44 
30 
40 

45 

44 

37 
40 

41 
41 
41 



33 
20 

30 

43 
30 
40 
40 
50 

44 
40 

50 
40 

41 



Boiler 
pres- 
sure, 
by gage. 



8 



Lbs. 

80.0 

80.3 

81.0 

81.6 

78.6 

70.0 

79-4 
80.3 

82.3 

81. 1 

79.8 

77.7 
80.0 
82.3 

81.3 
80.7 
79 o 
80.0 
80.0 



60.2 
60.2 

59-3 
61.0 

60.7 

59.7 
62.2 

57.7 
60.0 

61.0 

60.6 

61 .1 

59.5 
59.8 
60.0 
59.0 
60.0 

59.5 



20.4 
21.3 
20.0 
20.5 
20.4 
20. 1 
20.3 
20.5 
19.9 
19.9 
20.3 
20. 1 
20.0 



Dry- 
pipe 
pres- 
sure, 
by gage. 







Lbs, 
176.5 
177.7 

178.6 
178.9 
170.0 

175.5 

178.9 
178.8 
176.2 

177.4 

181. 6 
176.7 

175.5 



• • • 



159. 1 
158.5 
157.3 

160.3 
158.6 
1599 



156.9 

154.7 
158.0 

158.4 
155.6 



17,9 
18.0 
15.6 
19. 1 
17.4 

14.3 
17.4 

17. 1 

19.1 

18.6 

17.8 

10. o 



Tem- 
pera- 
ture 
of lab- 
ora- 
tory. 



10 



»F. 



79.0 
74.0 
81.0 
78.0 

• • • ■ 

74.0 
74.0 
80.0 
750 

• • • • 

75.0 

■ • • • 

77.0 



91 .5 
86.0 
74 o 

• • • • 

87.0 
97.0 
80.0 



77.0 
80.0 
69.0 

• • • • 

83.0 
77.0 



80.0 

90.0 

83.0 

90.5 
86.0 

86.0 

83.0 

87.0 

85.0 

84.0 

80.0 

88.0 



uz 
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Witer and steam. 
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1 5 
3'J 
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Wa- 
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er. 



IT 



18 



Water 
ev.*pn- 

r:itcd 

by 
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hoar. 

19 
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sup- uf 

plied to steam 
engine in 
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hour. dry. 
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Tabus 8.— 


Spttd, 


ma 


ier 


and sUaiH — Continued. 






oftcsU. 


Sp«d. 


W,t«.„,,t«n. 


1 


Laboni- 


Total 


Rivolu- 
miDUU 


Hll« 
reyolu- 


Mil« 
hSS. 


Tcm- 


& 


Wmcf 


Steom QumI- 
nip- ily nf 


K 
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i«. 


"' 


ha^T. 


h™'r. dry.'' 


T 


» 


11 ( 1> 


la 


ir\~ii~\~^ 


11 j lit j to 1 «o SI 












'F Ltx. 1 Lb,. Lb,. 


LM. 


Lbi- I P. tl- 


♦s 
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97.69 


70.18 


20.05 


60.1,29.834 87129,747 


8.5=4 


8. 499:99 '19 


49 


2o~8-i8o 


15. 137 


97 


66 


51 


78 






60 


7 


17,661:1 65:27,601 


10,709 


10.66899.1; 


50 


Jo-io-iSo 




98 
























S' 


30-2-180 


35. "3 


,46 


76 


120 


50 


30 


12 


51 


3 


25.131 'oi 


25. 030 


fi.'isi 


6. 357 99-^ 


52 


30-4-180 


31.982 


145 


37 


109 


35 


19 


82 


63 


9 


»9. 754 91 


19.663 


8,115 


8,09098.94 


53 


30-6-180 


21.900 


146 




74 


94 


29 


97 


60 


7 


24. »73 59 


24,214 


9.709 


9. 685199.03 


54 ' 30-9-180 


.4.676 


.46 


76 


50 


20 


30 




59 




22.761 3SO 


21.411 


13. 657 


13.44799-06 


55 .30-10-E80 




149 








30 


5f 














56 4o-2-:8oi4i. 884 


194 


92 


146 


71 


40 




54 


4 


24.' 696 "93 


24,603 


6.736 


6,711:99,02 


37 


40-4-18042.927 195 




.46 


85 


40 


58153 




34.19=1 9334.098 


9.316 


9.301,98.95 


58 


40-6-.8o;2o, 333'i93 


64 


69 


56 


39 


7555 




21,996 29421,702:12,563 


12,401198.96 


59 


40-8-180 


16. 722 


196 


7= 


57 




40 


3960 




11.337 


2722.330:15,788 


15.77199.10 


60 


40-10-180 




.96 


00 






40 








....! .... .... 




61 


So-j-i3o 


29, 224 


343 


55 


99 


97 


49 


99 54 




ii.'3i6 


5o;i4.i66| 7.158 


7. 133 99- 17 


6i 


50-4-180 


^7.919 


242 


77 


95 


5' 


49 


85,50 


6 


19,270 


50 


19,220.0,057 


"0.032,99.05 


63 


50-6-180 


[4.814 


247 


06 


50 


7" 


50 


71 


59 


3 


13. 791 


33 


13.766 


13.79. 


13.76699.04 


64 


50-8-1 Ho 




=43 


60 






50 


















65 


60-4-180 




292 


30 






60 


















66 

67 


60-6-180 




292 


_3o|_._^ 




60 


00 
















20-4-16020, 442 


97 


34 69 


93 


■9 


98 


73" 


"3 


31.643 


10511,538 

10817,308 


6.183 


6,15399-3= 


6S 


20-6-160,20, 474 


97 


49 70 


04 






71 


6 


17.416 


7,833 


7.802 


99-33 


69 


10-8-160 i3, 018 


97 


39 6. 


64 


19 


99 


62 


3 


i9.3'i 


69 19. 143 


9.517 


9.494 


99.07 


70 


Jo-io-160 


98 






















71 


3i>-4-i60 30,65i 


145 


96 104 


8529 


95 


7' 


3 


=5.693 


103,25.590 


7.' 340 


7,31 " 


99-=3 


7» 


30-6-16030,683 


146 


I. 104 


96,29 


99 


72 




34. 077 


10733.070 9.736 


9.705 


99.39 


73 


30-8-16021,231 


146 


4'1 7 = 


60,30 




56 


7 


28,922 


5918,863 


11,968 


'1.947 


99-13 


74 


30-10-160] 


146 








30 


















75 


30-12-160; 


150 








30 


78.. 














76 


40-4-160 41 , 006 


19s 


2; 


140 


23 


40 


08,75 


9 


30,692 


153319.419 


8," 846 


8,'i^ 


99-30 


77 


40-6-16033,096 


194 


68 


'13 


" 


39 


96,76 


8 


3=.6i5 


'0373'.578 


H.511 


11. MS 


99.40 


78 


40-8-16021,544 


195 


85 


73 


70 


40 


2060 


26, 405 


4.26.364 


14,403 


■4.380 


99,00 


79 






192 






. 


39 


40.. 




....| .... 








80 


50-4-160 


18, 271 


»43 


61 


62 


50 


50 


0073 


511.460 


38.. .42. 


9. 168 


9.137 


99 31 


St 


50-6-160 


=9. ^63 


143 


86 






50 


0S69 




23.665 


800 24. B65 


.2.83= 


12.43= 


99,27 


Si 


50-8-160 




242 


60 






50 


oo[.. 














83 


60-4-160 




292 


30 






60 






'.'.'.'. 










84 


60-6-160 




i?l 


_30 






60 


'S^\V. 














85 


20-4-120120,439 


97 


33 


~b^ 


^ 


'9 


98 




"7 


15.199 


70115,2291 4,37. 


4.35i|99.34 


86 


20~8-|20|20.3B7 


97 


08 


69 


74 




92 




4 


23. =00 


7015.130 7.100 


7,.8o!99.43 


87 




97 


04 


66 


39 


19 


9' 




9|34.439 


66I34. 373 


■0.331 


10,312,99.32 


88 


30-4-1 20130. 692 


.46 


15 


104 


99 


29 


99 




3' 18, 405 


70 18, 335 


5, =58 


5,238.99.44 


89 


30-8-120130,755 


146 


45 


105 


85 


30 


OS 




031.354 


7031,284 


8.9S9, 8,939 99.281 


90 


30-14-110:17,497 


'45 


81 


59 


36 


29 


93 




631.208 




15,604 15.58499-371 


91 


40-4-12040,957 


195 


03 


140 




40 


03 




3!'9. 5'6 


7019,446 


5.576 


5.55699-45 


91 1 40-B-:io!37,057 


195 




126 


75 


40 






5 33.955 


70! 33. 8K5 


10.711 


10. 70299.28 


93 ,40-12-11023,446 


195 


38 


80 


20 


\° 




70 


5 3'. 700 


40,31,660 


15.850 


■5.83099-43 


94 1 5»-4-'20|29, 246 


243 


71 




03 


50 






5;ii.955 


40:11,915 


5,977 


5.957.99-47 


95 50-8-11029. "4 


Ui 


45 


99 


94 


49 


97 




1,24.088 


40 14. 048 


11.044 


I2,024 9937 


96 ,5o-ii-:2o 9,844 


246 




33 


67 




51 




4|iOi779 


13 10. 766 


16, 168 


16,14999,39 


97 1 60-8-120 .... 


29».3o 




60.00 
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HIGH STEAM-PRBSSURES IN LOCOMOTIVB SBRVICS. 



Table 9. — Coal. 



Designation of 
tests. 



CoaL 



B 
2 



Labc»ratary 
symbol. 



Kind of coaL 



fired "*» 



2 



XS 



S3 <4 



Dry iCom- 
coal bas- 
min- tible 
us by 
dry anal- 
ash, ysis. 



Dr>- 
coal 
fired 
per 
hour. 



«6 26 27 



Dry 

coal 

per 

sq. ft, 
of 

crate 
sur- 
face 
per 

hour. 

28 



Dry 
coal 
per 

sq.ft 

hemt- 
inc- 
sur- 

face 
per 

hour. 

29 



Coal 

per 

mile 

run. 



•S-g Sparks 

^ V from 

S^ stack 
£ = per 

C^ hour. 

S I 



I 30 



31 32 



I 

la 

2 I 

3 ! 

4 i 

5 

5a 
6 

7 
8 

9 
10 

II 

12 



20-2-240 
20-2-240 
20-4-240 
20-6-240 

20-6-240' 

20-8-240 
30-2-240 

30-2-240 
30-4-240 

30-6-240 
40-2-240 
40-4-240 
40-6-240 
50-2-240 

50-4-240 



Youghiogheny. 

do 

do 

Big Four -I". 
Youghiogheny. 



IJ>s. Lbs. Lbs. • Lbs. Lbs. Lbs. 

281826025582562 939 55.2 

252424722772271 977 57.4! 

2597 «73 2424 2410 1298 76.2 



4>34 337 3797 



Youghiogheny. 

do 

Big Four -H*' 



2448 202 2246 
■439' 3i^'40io 



Youghiogheny. 
Big Four "H" 



3866 435^3431 



Youghiogheny 1 1459 67 1392 



Lbs. ! 
0.71 

0.74 
0.98 



Lbs. Lbs. 
48 -4 70, 



64.6 
64.4 



85' 
87 



Lbs. 

35.0 

40.9 

50.9 



36841654 97.31 1.25 83.3 167I 78.0 



2252 1224 
3969 1596 



72.0 0.92' 40.8202 23.8 
93.9 I.20| 50.6208; 54.6 



35661405 82.6 i.o6j 35-2, 107 37.2 



«339 1459 85.8 



1. 10 28.6^ 81 41. 1 

I I I ■ ^ 



13 

15 
16 

17 

18 

19 
20 
21 
22 

23 

24 

25 
26 

27 
£8 

29 
30 
31 
32 
33 
34 
35 
36 

37 
38 

39 
40 

41 
42 

43 

44 

A5 

46 
47 



20-2-220 
20-4-220 
20-6-220! 
20-8-220' 
30-2-220' 

30-4-2 20J 
30-6-2 20; 
30-8-2 20 
40-2-220 
40-4-220 
40-6-220 
50-2-220 
50-4-220 
50-6-220 
60-4-220 
60-6-220 



Youghiogheny. 

do 

do 

do 

do 

do 

do 



2502 203 2299 2300; 834! 49. 
3357 351 3006 31 10 1088' 64 

4306 349 3957 39341 1565! 92 
4274 24440303926 2077 «22 
3832 281 3551 3552;i094: 64 
2940 177 2763 2690 1470J 86, 
3ii6ji95'292i;285i!i869 109, 



o 
o 
o 

3 
5 
9 



0.63 
0.82 
1. 18 

1.57 
0.83 
I. II 

1-43 



Youghiogheny. 
do 



405230437483755 1215 



1604 



Youghiogheny. 
.... do 



95 1509,1459 1604= 94 



5 
3. 



0.92 
1. 21 



26141213:2401 2403^1307 76.9 0.98 
1005I 43 962 9192010118.21 1.52 



41-9. 
54.6; 



56 

85 
3;i2i 



78 

103.5 198 
35.8 92 
49.0 100 
62.2 116 



18.7 



54-4 
117. 1 

245 
52.3 

:i26.7 



30- 3 
40. 1 



26. 1 
40.2 



135 
63 



98 



43.5 
56.0 



80.8 



57 121. 1 



20-2-200 
20-4-200 
20-6-200 
20-8-200 
30-2-200 
30-4-200 
30-6-200 
30-8-200 
40-2-200 
40-4-200 
40-6-200 
40-8-200 
50-2-200 
50-4-200 
50-6-200 
60-4-200 
60-6-200 



Youghiogheny 

. ...do 

Big Four "I". 
Youghiogheny. 

do 

Big Four "I". 
Youghiogheny. 



12712,177:2535 2499 
13534 345'3i89 3255 



774 

lOIO 



4157 
3274 



26813889 3866 
275129993032 



1663 
935 



Youghiogheny. 

do 

do 



4164 311 38533816 1665 



3091 



225 



2866 



4055 21313842 
4029:2783751 



Youghiogheny. 
. ...do 



1772 
3153 



164 
239 



2827 

3733 
3735 



1030 

1474 
2102 



1608 1635 1063 
1576 



2914 



29061 



45.5 
59-4 



97-8 
55.0 



98.0 



0.58 
0.76 



1.25 
0.70 



1.25 



60.6 

86.7 

123.6 



62.5 
92.7 



0.79 
I. II 

1.59 



0.80 
I. II 



38-8 
50.7 



83.4 
31-2 



55.5 



25.7 
36.8 

52.6 



21.0 
31-5 



53 
81 



158 
65 



150 



85 
105 

135 



68 
121 



II. 2 
314 



60.8 
143 



63.7 



24-5 

72.6 

123. 1 



28.2 
72.7 



20-2-180 
20-4-180 



Big Four "F'V 
do 



mcH STEAM-PRESSORBS IN LOCOMOTIVE SERVICE. 
Tablb 9. — Coal — ContiQued. 



t»u. 


CmU. 


■ 


symbol. 


K.„a.f™,. 


Dry 


Dry 
14 


inin- ^1,1, 


57 


per 

1^ 


P« 1 

•q.It- CmI 

19 i ao 


S 

■g 
a 

31 


Sputa 

3a 


9 


» 


03 


48 

49 
50 
51 
51 
53 
54 
55 
56 

% 

59 
60 
61 
61 
63 
64 
65 
IS6 


20-6-180 
10-8- 180 

20-IO-lRo 
30-2-180 
30-4-180 
30-6-180 
30-8-180 

30-10-180 
40-2-180 
40-4-180 
40-6-180 
40-8-180 

40-10-180 
So-i-iBo 
50-4-1 So 
50-6~i8o 
50-8-.S0 
60-4-180 
60-6-180 




Lbj. 


Lb, 


Ll». 


Lhs. 


Li,. 


Lbi. 


Lbt. 


Lt.. 


Lb, 


Li,. 


do 
















































































































































































Linton run of mine 




































































































































































































67 
68 
69 

70 
71 
72 
73 
74 
75 
76 

55 

79 
80 
81 

81 

I'. 


20-4-160 
ao-6-160 

3o-a-i6o 
30-10-160 

30-4-160 

30-8-160 
30-10-160 
30-12-160 
40-4-160 
40-6-160 

40-10-160 
50-4-160 
50-6-160 

50-8-160 
60-4-160 
60-6-160 


Voughiogbeny pSji 


191 

338 


2340 
3'i4 


2306 
JO90 


723 
957 


4^-5 
56.3 


0.54 
0.72 


36.19 

47-8 


58 
77 


12.51 

13. ai 






















Youghiogheny 3089 

do Vo° 

Big Four "H" 


276 
331 


376t 


2815 
37 '9 


882 
1171 


51.9 
68.9 


66 

0.88 


J9-'3 
390 


74 
107 


'3-05 
29- "3 






















:::::::::::::::::."■ :::: 




















Youghiogheny 


3775 
4"3 


2S8 
»95 


3487 
391B 


350s 
3848 


1078 
1490 


63.4 
87.6 


0.81 


16.8 
37-3 


80 
117 


'4.7 
44-4 
























Youghiogheny 

do 


"393 

3444 


75 
»37 


.318 
3307 


1281 
3187 


1II4 

1722 


65-5 
101.3 


0.84 
1.30 


12.3 

34-4 


48 
<05 


13-32 

77-9 














































85 
86 
87 
88 
89 
90 
9' 
91 
93 
94 

21 

97 


20-4-120 
20-8-120 

30-4-120 

30-B-120 

30-:4-i3o 
40-4-120 
40-8-120 

40-IJ-IJ0 
50-4-110 
50-8-110 

50-U-IJ0 

60- 8-120 


VouKhiogheny 

do 

.. .-do 

do 

do 

do 

do 

do 

do 

'.'.'.'.'.do'.'.'.'.'.'.'.'.'.'.y. 


>873 
3"<) 

43*7 

3107 

378s 

4413 

3J7I 

4190 
4563 
.366 
3'37 
1511 


164 
300 
»89 
150 

333 
J58 
'79 
27s 
275 

90 
241 

68 


1709 
2819 

4038 
1957 
3452 
4154 
Z09J 
39'S 
4288 
1276 
2896 
1444 


394a 

1943 
344' 

40s > 
3071 
3753 
413J 
1149 
2886 
139' 


535 

89. 
1299 
602 

1081 
S206 

648 
'3*3 
218 1 

683 
.56f 
ai68 


3'-4 
51.4 
76.4 
35-4 
63.6 

'30 -7 
38.2 
77.8 

134-^ 
40. S 
91. 3 

'33-4 


0.40 
0,6; 
0.98 
0-45 
0.82 
1,68 
0.49 

(.71 
0.51 
1.18 
1.71 


l"-4 
44.7 
65.3 

36:0 

lt:l 

33-3 
56.9 
'3-7 

44.9 


32 

88 
139 
31 
88 

4' 

'53 

33 


■3.07 

34-2 
9.' 
54-1 

194-5 
45.5 
32-9 

119.7 
'5-5 
63.6 

'73-0 
















96 



HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 



TablS to,— Draft and boiler performance. 



Desiffnation of 
tests. 



a 



Laboratory 
symbol. 



I 

la 

2 

3 

3« 
4 
5 

5a 
6 

7 
8 

9 
lo 

II 

12 

'3 
14 
15 
Id 

17 

|8 

19 

20 
21 
22 

23 

24 

25 
26 

27 
_28_ 

29 

30 

31 

32 

33 
34 
35 
36 
37 
38 

39 
40 

41 
42 
43 
44 
45 

46 
47 



Draft. 



Front 
of dia- 
phr- 
agm, 



, Back 
of dia- 
I phr- 
asrm, 



inches 'inches 

of of 

water, water. 



83 



20-2-240 
20-2-240 
20-4-240 
20-6-240 
20-6-240 
20-8-240 
30-2-240 
30-2-240 
30-4-240 
30-6-240 
40-2-240 
40-4-240 
40-6-240 
50-2-240 
50-4-240 

20-2-220 
20-4-220 
20-6-220 
20-8-220 
30-2-220 
30-4-220 
30-6-220 
30-8-220 
40-2-220 
40-4-220 
40—6-220 
50-2-220 
50-4-220 
50-6-220 
60-4-2 20 
60-6-220 

20-2-200 
20-4-200 
20-6-200 
20-8-200 
30-2-200 
30-4-200 
30-6-200 
30-8-200 
40-2-200 
40-4-200 
40-6-200 
40-8-200 
50-2-200 
50-4-200 
50-6-200 
60-4-200 
60-6-200 

20-2-180 
20-4-180 



2.3 
2.2 

3.6 

4.5 
4.0 

• • « 

3-4 

3.5 
4.4 

• • • 

3-7 
5.6 

■ • • 

4.1 



34 



1.6 
1.6 
2.4 
2.6 

2.7 

• • • 

2.4 
2.4 
2.7 

• • • 

2.7 
3.1 

• • • 

2.9 



In fire- 
box, 
inches 

of 
water. 



35 



Smoke 
box, 
tem- 
per, 
ture 
of. 



36 



Boiler performance. 



Water 

evapo- 
rated 

persq. 
ft. heat- 
ing-sur- 
face per 

hour. 



87 



Water 




evapo- 
rated 


Equiva- 
lent 


per 

pound 

of diy 

coal. 


evapora- 
tion per 
hour. 


38 


99 



Equiva- 
lent 
evax>ora- 
tion per 
sq. ft. 
heating- 
surface 
per hour. 



0.9 


• • • 


1-7 


635 


1.3 


743 


1.7 


745 


1.8 


730 


1.4 


• • • 


1.8 


698 


1.5 


759 


• • • 

1.8 


■ • ■ 
• • • 



Lbs. 
563 
5-86 
7.63 

8.53 
9. 10 



2.3 



2.0 



9 

8 

8 



31 
31 
72 



809 



9.87 
10.25 

• • • • 

8.91 



2. 1 


1.6 


I . 2 


2.9 


2.0 


I.l 


4.3 


3-1 


2. I 


6.0 


4.1 


2.2 


2.7 


1.9 


14 


3-9 


2.8 


1.8 


5.6 


3-8 


2.3 



3-2 

4.8 

• • • 

3.4 

5.8 



2.3 
3.4 

• • • 

2.6 

3-9 



1.6 
2.0 



2 
I 



I 

7 



682 

703 

764 
806 

• ■ • 

743 

8«3 

• • • 

716 

786 

• • • 

728 
810 



I 564 
I 6.92 

I 8.69 
,10.73 

' 6.67 

I 8.15 

10.06 

■ • • • 

7.30 
9. 16 

• ■ • • 

7.64 
10.29 



1-7 
2.5 
3-4 
51 
2 .2 

30 
4.9 



2.5 
4.2 

6.6 
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14310 
14180 

'4435 
14159 

'4314 
14300 


29 

3f 
. 3" 
3' 
33 
3+ 
35 
36 
37 
3« 
3") 
40 

4^ 

43 
44 

4.S 


20-4-200 

20-6- 200 

2O-S-20O 
30-3-200 
30-4-200 
3O-f^-2O0 
30-8-300 
40-2-200 
40-4-200 
40-6-300 

40-»-Joo 
SO-2-200 

S 0-4-200 

50-6-200 

Go-4-200 
flfl-6-200 

20-2-180 
10-4-180 


i: 

15 6 
'5-4 

15.6 


i.o 0,4 
5.0 00 

0.9 0.1 

1.4 0.4 

5-3 00 

0.6 0.4 

1^8 'o!o 


Hi 

Si's 

82.7 

'•' 

82!8 
82.3 


16 

16 
'3 


" 503 
'4 4073 

"4 S-'^a 
35 1.02 

38 7-a8 

47 41. 7» 
«i 2.34 
38 6,4, 

89 II. 61 
'5 1395 


•4344 
»4336 

14489' 

't'4268 

14221 
143^2 
14429 

"4327 
'4345 


46 
47 


::::| ;:::| :::: 






::| ::::j ;::::: 



BIGH STSAM- 
TablS 



PRSSSURBS IN LOCOMOtlvQ SBRVICS. 
. — Chemical reiuUt — Continued. 



DctidutioB of tats. 


Chcoiicol mulls. 1 


1 


IS" 


Coi 


"r""7 


al«u«inws. 
percent. 


Air UKd 


"s- 


%sr 




CO, 


0, 


CO 


N, 


I S 


» 


BO 


Bl 


■S 


sa 


B4 


BS 


48 
49 
SC- 
SI 

33 
53 
54 
55 
56 

§ 

59 

60 

i: 

65 

66 


30-f^l80 

JO-8-180 

ao-io-i8o 
30-2-180 
30-4-180 
30-6-1 So 
.30-8-180 

30-10-180 
40- J- 180 
40-4-180 
40-6-180 
40-8-180 

40-10-180 
50-1-180 
50-4-180 
50-6-180 
50-8-180 
60-4-180 
60-6-180 


... 






















Lbi. 


Pirctnt 






67 
68 

ii 

74 
75 
76 
77 
78 

79 
80 
81 
83 
83 
84 


30-4-I60 
20-6-160 
20-S-160 

30-10-160 
30-4-160 
30-6-160 
30-8-160 

30-10-ifio 

30-13-160 
40-4-160 
40-6-160 
40-8-160 

40-10-160 
,'iO-4-i6o 
50-6-1O0 
50-8-160 
60-4-160 
6o-6~i6o 


'3-4 
13.1 

14.6 

.... 

U.B 
15° 


3,9 0.1 


83.8 
83.8 

85-9 
84.1 

83^1 
83.8 

si. 3 
83.6 


13.57 , 34.9^ 
13.96 1 30.97 

14.46 35.30 

13.88 30.28 

13.83 11.09 

15:71 1 36:33 
13,61 9,37 


14.63 

'434* 

V4346 
.440D 

■'■t458 
14191 

'4350 
14412 


B5 
86 
87 
88 
89 
90 
91 
91 
93 
94 

?J 

97 


10-4-120 

30-8-I30 
30-4-120 

3O-S-.20 

30-14-110 

40-4- 130 

40-8-.30 
40-11-120 

50-4-120 

50-8-120 
50-11-120 

60-8-120 


'3-9 

14.1 
15a 

•,1:1 

17.0 
150 
13.3 
16.4 


4-3 

"■3 

• 6.3 

3.3 

1.1 
0.6 

3-4 


0.3 
00 


843 
83.6 

IVi 

82.8 

83.6 

82.'i 

82. 8 
83.4 
83-4 


15-7' 

-3:48 
17.89 
13.31 
13- 20 
13 03 
11.98 
11.79 
13.21 

'i:% 


36.13 

8:14 
55.01 

"5.34 
14.38 

14.47 

25-74 
7-38 


14300 

1409s 
14400 
14'I6 
14050 
14300 
'3914 
14000 
14199 
14380 
14300 
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Table 13. — Events of the stroke from indicator-cards — Continued. 



Desisrnation 
of tests. 




Indicator results- 


-Events of stroke- 


-percent. 




• 

5 


Laboratory 
symbol. 




Admission. 


— 






Cut-off. 




Btsht side. 


Left side. 


Right side. 


Left side. 




6 










Average 










Average 
65 




H. E. 


C.E. 


H. E. 


C. E. 


H. E. 


C.E. 


H. E. 


C.E. 


1 


2 56 


57 


58 


50 


60 


61 

t 


62 


63 


64 


48 


20-6-180 


2.24 


1.40 


150 


1.67 


1.69 


29.17 


24.26 


28.59 


25.87 


26.94 


49 


20-8-180 


X.80 


.80 


1. 10 


1.00 


I. 17 


36.00 


! 3100 


3500 


34.70 


34.17 


50 


20-10-180 


•50 


.80 


0.00 


.50 


•45 


45.50 


35.50 


40.40 


4500 


41.60 


51 


30-2-180 


5.41 


3.50 


383 I3.53 


4.06 


15.69 


12.56 


14.90 


12.34 


13.87 


52 


30-4-180 


436 


2.81 


3.02 I2.4O 


314 


20.50 


17-31 


21.27 


17.86 


19.23 


53 


30-6-180 


2.86 


1-73 


1 . 60 |l . 80 


1.99 


127.20 


' 24.06 


1 27.90 


26.53 


26.42 


54 


30-8-180 


1.78 


1.65 


I .67 


.76 


1.46 


'35.50 


32.20 


34.50 


34-70 


34 20 


55 


30-10-180 


.70 


.90 


.60 


.70 


•72 


i45.oo 


37.00 


40.50 


4500 


41.87 


56 


40-2-180 


6.20 


3.98 


1-42 


3.16 


4.44 


15-47 


14.12 


17.09 


12.70 


14.84 


57 


4O-4-X80 I4.33 


2.71 


2.63 ;i.96 


2.91 


21.51 


19.50 


22.74 


19.54 


20.82 


58 


40-6-180 ;2.52 


1-33 


2.14 '0.98 


1-74 


27.20 


23.00 


27.79 


26.58 


26.14 


59 


40-8-180 


2.61 


>.33 


1.75 103 


1.68 


35.98 


32.48 


35.51 


35.33 


34.80 


60 40-IQ-180 


.40 


1.70 


.50 ! 90 


.87 


42.00 


' 41.90 


1 41.80 


44.70 


42.60 


61 


50-2-180 =5.81 


3.92 


4.04 3.48 


430 


16.94 


' 13.25 


17.00 


13.53 


15.17 


62 


50-4-180 


4.12 


2.58 


2.98 


2. 19 


2.94 


22.25 


18.89 


23.70 


19.70 


21.13 


63 


50-6-180 


3.33 


1. 91 


2.16 


1.58 


2.24 


29.75 


27-50 


30.33 


28.91 


29.12 


64 


50-8-180 


1. 00 


1. 00 


.90 


.70 


.90 


37.00 


31.00 


36.10 


36.70 


35.20 


65 


60-4-180 


.70 


1.50 


1.60 ;i.50 


1.32 


27.80 


30.00 


30.00 


25.00 28.20 


66 


60-6-180 1. 00 


1 . 60 . 1 . 20 1 .50 


1 .07 


35.00 


30.90 


1 39.20 


32.20 34.35 


67 


20-4-160 


2.59 


2.69 


1 .92 


1.85 


2.26 


20.90 


16.04 


20.21 


18.42 18.89 


^8 


20-6-160 


1-53 


1.60 


1.28 


.84 


1.33 


28. 10 


21 .60 


26.60 


26.30 25.65 


69 


20-8-160 


2.27 


1. 41 


1. 61 1. 13 


I 58 


35.16 


31.05 


34-38 


33-55 3350 


70 


20-10-160 


.00 


1.40 


.50 


.80 


.67 


42.50 


35.10 


38.20 


43 90 39.92 


71 


30-4-160 


3.04 


2.92 


2.28 


1.85 


2.52 


17.80 


15.92 


19. II 


18.54 17.84 


72 


30-6-160 1.86 


1.79 


1.50 


1.20 


1-59 


26.78 


22.52 


26.55 


26.84 25.67 


73 


30-8-160 2.21 


1 .40 


1 . 55 1 . 20 


1-59 


34 29 


30.96 


33.34 


33.66 33.06 


74 


30-10-160 'l.OO 


1 .00 1 . 10 1 .00 


1 .02 


43.90 


41.50 


41 .60 


46.20 43.30 


75 


30-12-160 .60 


.80 .80 


1.00 


.80 


47 30 


40.30 


46.20 


53.40 46.80 


76 


40-4-160 


3.80 


2 . 63 1 . 60 


I. 51 


2 43 


20.59 


18.97 


19.82 


19 05 


19.62 


77 


40-6-160 


2.24 


1.58 1. 21 0.73 


1-43 


26.37 


23.54 


26.90 


27.62 '26.11 


78 


40-8-160 12.30 


1 . 90 1 . 60 


1.00 


1.70 


35.20 


33.40 


34.60 


36.00 34.80 


79 


40-10-160 '1 .00 


1 . 10 0.60 


.80 


.87 


41.70 


35.30 


38.50 


43 40 


39-72 


80 


50-4-160 


3.20 


2.68 1.78 


1.57 


2.30 


19.94 


15.68 


22. 14 


19.85 


19.40 


81 


50-6-160 


2.01 


1.37 0.86 0.61 


1. 21 


29.97 


25 -54 


29.07 


27.67 


28.06 


82 


50-8-160 


.90 


.80 1 .90 


.60 


.80 


35.40 


3400 


36.40 


35.20 35.25 


83 


60-4-160 


.90 


2.50 


1. 10 


2.00 


1.62 


27.00 


24.50 


28.30 


25.00 26.20 


84 
85 


60-6-160 


1 .00 


1 .00 
3.20 


1 .00 


.90 


•97 


30.60 


28.40 


31.50 


31.50 30.50 


20-4-120 3.40 


3.20 


1.90 


2.92 


19.70 


15.90 


19.30 : 


16.90 


17.95 


86 


20-8-120 1.47 


1.32 


.98 


.65 


1 .10 


36.24 


28.80 


33.65 


34.80 


33.37 


87 


20-12-120 .85 


.90 


.87 


.62 


.81 


51.65 


43.52 


48.90 


50.70 


48.69 


88 


30-4-120 3.88 


314 


3.28 


2.42 


3.18 


18.26 


16.07 


18.85 


17.33 


17.62 


89 


30-8-120 11.69 


1. 61 


1-57 


I .09 


1.49 


35.19 


29.21 


33 07 


33.69 


32.79 


90 30-14-120 .70 


.20 


.40 


.00 ' 


.10 


58.20 


51.40 


56.00 


59 40 


56.25 


91 


40-4-120 .4.00 


2.94 :2.5i 


2. II 


2.89 


18.96 


16.51 


19.37 


16. II 


17.74 


92 


40-8-120 il.50 


1 . 80 ' 1 . 20 


1.00 


1.40 


35.60 


31.40 


34.70 ; 


35.30 


34.25 


93 40-12-120 


.78 


.65 ■ .69 


.21 


.56 


51.50 


45.20 


51.20 ' 


52.00 


49.97 


94 i 50-4-120 3.83 j 


2.80 0.95 


1.87 


2.36 


21 .10 


17.80 


18.80 


18.70 


19. 10 


95 ! 50-8-120 


2.70 


1.60 


.70 


.90 


1.47 


37 20 


32.10 


36.40 


36.70 


35 60 


96 50-11-120 


.50 


■50 


•50 


.50 


.50 


49.00 


40.87 


46.62 


50.25 


46.68 


97 60-8-120 


1. 00 


1. 10 1. 10 

i 


1.00 


1.05 


30.00 


28.50 


33 30 

1 


30.00 


30.45 



HIGH STEAM-PRESSURES IN LOCOMOTIVK SERVICE. 
TABI.S n.~Evenlt of Me tiroke. 



Dnlanalian of 

. i 
B LnbDiatniy 

1 1 "■""""" 


ladicatorrault*— fivcntiflCcinilcc— twrccDt. 


Right ude. 


Sikut 






_ 


Leftside. 


Wshtddt 1 leftrfde. 


fl. E. C. E. 


M. E. ' C. B. H. K. 


C E 








1 -i 


(HI <ST Va flB TO 


~-"' ^ "^ 


"^ 


7» 


I ,.><>-i-.'40 .60.13 53.15 60.39 49.77 55.88 


'7-45 '4.83 36.88 


23. 6S 


25-71 


la J11-J-J40 [....' 










a 'jo-4-.'40 |f»).5o f'J.i^ ''S.io 67.50 67.70 




00 12.90 


21.90 


3i!63 


.1 'JIW.-J4C. 7I-00 f.;-oo fig. 40 69.20 70.10 


31.40 28 


10 17.70 


29.10 


19.10 


3ii'.'i>fW.i.) 











4 •» 8- J4ti ;f..cx> 71-00 74.50 7J.OO 73. Oj 


ig'^o ,J4 


00 15.00 


26.50 


i6!ii 


S l.pi-J-Jjo SV-06 55.31 61,73 56.72 5S 33 


33.87 :i9 


48 30-23 


29.44 


30.50 


.S.l,,M> J-J4" 






.... 




6 io-i-.'4" '>-'-7" "-'-.W fiJ-So 63.00 63.10 


36.50 '34 


70 35-00 


34 00 


35.05 


7 .io (.-J.).! it.3.<)<i (.5.113 ''S-"7 '«).oo ^6-6.*! 


31.87 ,.V 


90 3330 


3>.4.3 


32-37 


H ,(i.--'4ii 5«-53 .St."' .^").»9 .S^.-W S7.l'> 


26.88 24 


5> 38.64 


23,98 


36.00 


U ').. 4 J4.. /..1, 6" fM.So r,j.70 63. -'o 63.60 


38.00 1,36 


40 40.00 


38.00 


38.10 




.19.50 |37 


30 40.50 


33. 'SO 




II 511 J J.(o (13. .IS S.'i.y' ;''i-2l 55.7" SS.gi 


31.0. 28 


of. 31.65 


l"-85 


30.84 






50 34.40 


33.10 


3^.75 




ii.,!.K 58,0: ,S9.25 




94 1S.09 




■7.45 


14 Jil 4 -liii (jS.d.t l>3.(>-' 


66. S4 66.04 66.13 


14.21 ,13 


.;o 15 -,50 


'».55 


■3-79 


IS Jll (. ;.'0 73.34 *'''.4') 7'. "5 '»).47 70-1* 


.6-oS |.0 


95 113-69 


|0-47 


12.79 


if» jii-.s jjo 7(.,sH 71.31 7(..3.i 71, ys 74,04 


17.40 ,12 


5- 15-^6 




14-49 


17 3" J J-''> "l.'i.l .^l--'-l "'-44 S7-U .■iM-47 


.9.87 ;i7 


50 19.52 


16.91 


IS. 45 




30.79 |i6 


66 31.12 


18.91 


'9-37 


n, 3.1 (.-jjo 7J i.j (.S.!l7 71.1* '■"■•1" 6S.90 


■S..S') i.S 


79 '8.19 


16.13 


17.17 


J.J 3.. ,« jj<i 78,7.1 7"."" 7-1''" 7N-I''" 7''-')7 


29.60 ,31 


20 17.50 


IS. 00 


26. 8i 


31 (11 J -J.'O '11.7') .V.H' '1I.7" .'i'1.17 .^')-47 


21.37 iK 


55 so. 75 


18. OS 


19.70 


aj iii-4-3Ji> (i,s.l«i 'i.'.,l" r.y.fio (,j,(,o (.4.5; 


20.20 IS 


30 ,19.50 


31.80 


19.95 


3,1 i.i(.-j'i. 71...-0 i").:o 71. («i 7i.2rt 70.51 


35SO .lo 


7« .33.50 


34.00 


13-4' 


34 .si.-j-j.'(i (.i-(iii 57-63 i.t.(«j 5r.,4S r.i.S3 


23.11 10 




19.33 


21.23 


55 Si>-4--'Jo 65. So .Si).7" :6^i-'>" In, 30 63.17 


23,50 17 


70 ,2.5.40 


19.60 


21.30 




.14- 'O 33 


40 ,38.80 


31.50 


34-45 


27 (rt>-4---" 7". 7" 6()..S(i 68,40 6,S,Ko 69,^1 


44.20 -12 


50 |42.00 


38.40 


41-77 


3M fH^-f>-■•o 71, .SO 7,t.,S" 7-'-;i> 74.5" ,73.67 


.>6. 511 3.5^ 


7" '.15. .30 


.14.70 135.55 j 


29 .'.I-J-JIK. (.1.411 :S6.5S l«.:4!i 5h.i5 5».6s 




W 'i7'.Xl 


.8.30 


18.83 


30 '.■.)-4-;iHi 65.37 S7.'H 64.44 .'i!^-3.S 61.5.' 


16,24 '13 


76 '16,76 


14.48 


15 3' 


31 l.'n-.(i-Ji»l 69.10 ■16.311 711.40 69.50 6S-S.' 






27.30 


28.54 


31 ■■<)-S-j<». 77, to '■..,-4" 75. 1" 71-40 7.1.35 






■ J. 50 


14-50 


3.T i.l"-;--'(" 60.21 is.'. SO 6.1. i.s 54-'J7 .V>.96 




83 31. 7B 




19.8s 


34 lo-4--'<» 61.40 '•:.!<} (.3,50 (.4.00 63. iw 




90 34.20 


32.90 


34 -61 


35 3n-f,-noo ;„ ,S9 f'4."" 69.83 64.09 67.13 


15 isi 13 


iS 14.69 




14.43 


36 '3r)-S-ioo 76, JO ,7;, Ho 75. .SO 76.00 .75.12 


.(0 , 50 38 


00 37.50 


36^00 


38.00 


37 [0-2-200 fiO.95 ^'■■44 60.16 57.01 '38.64 




07 20.68 


18.93 




38 10-4-200 Wi,95 60. .50 64.90 62.70 6,1.76 


30.70 35 


90 29.90 


26.70 


28.30 


39 ,40-f,-2oo 72.47 f>5.4« 7>.44 67.35 69.23 


'7-37 '3 


29 14.91 


12.25 


»4 45 


40 ,40-8-200 71.40 74.90 71.30 73.60 72. Sn 


39.. so 27 


00 29,40 


31.80 


39.41 


41 ,50-J-2(K) fK),93 .53.51 63.16 ,,56,23 ',58.45 


'5.43 ;3i 


77 23.55 


23.17 


21,98 


42 50-4-200 64.91J 5S.B0 6440 5^,90 61.75 


31.70 ,19 


50 130.90 


17.40 


19-88 


43 .50-6-200 72 00 67.40 71. ,30 fiO.oo 66.67 


40,00 33 


30 1,39.00 


.35-10 


36-85 


44 6o-4-ioo 68.50 63., 30 69.30 66.90 66.97 


45.00 I42 


00 [15- 70 


.38. OD 


41.67 


45 60-6-200 73.00 


71. io 73.00 71.70 .71.45 


46.50 134 


00 I43.70 


35.50 


39.23 


46 110-2-180 isS.92 


MM 


57.10 ,56.45 56.78 


113.53 ,M 


64 139.61 


36-74 


39.33 


47 I10-4-180 ,60, +7 


57.53 


61.53 |59-H3 59.84 


,33-65 ,31-48 33-13 


33.80 


33-04 
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TablB 14.— Events of the stroke— Continued. 



Designation of 
tests. 






Indicator results — Events of stroke — per cent. 




• 

1 


Laboratory 


Release. 


Compression. 


Average 


Right side. 


Left side. 




Right side. 


Left side. 


a 


symbol. 










Average 




















1 




1 




H. E. 


C. E. 


H. E. 


C. E. 




H. E. 


C. E. 


H. E. 


C. E. 




2 


6G 


67 


68 


69 


70 


71 


7» 


73 


74 ; 76 


48 


20-6-180 


69.00 


66.71 


69.60 


68.76 


68.52 


32.07 


27.85 


30.31 


29.91 


30.02 


49 


20-8-180 


73.80 


72.40 


73.00 


73-IO 


73.07 


28.60 


25.00 


26.00 


26.00 126.40 


50 


20-10-180 80.00 


74.00 


78.70 


81.50 


78.55 


23.60 


21 .40 


24.50 


21.50 '22.75 


51 


30-2-180 


58.46 


55.42 


57.97 


56.70 


57-14 


44.85 


40.18 42.26 


41.87 42.29 


52 


30-4-180 


63.00 


61 .40 


63.77 


62.60 


62.69 


37.27 


33.31 37.45 


34.18 


35.55 


53 


30-6-180 


67.06 


66.00 


67.70 


66.83 


66.89 


38.06 


30.70 33.00 


32.13 


33.47 


54 


30-8-18072.20 


70.70 


72.20 


71.50 


71.60 


30.15 


29.75 28.40 


27.05 


28.83 


55 


30-10-180 


79.00 


75.90 


77.10 


80.60 


78.15 


26.50 


24.00 125.00 


25.50 


25.25 


56 


40-2-180 


57.55 


57.40 


58.60 


57.30 


57.71 


46.47 


37.72 143.02 


40. 18 


41.85 


57 


40-4-180 


63 • 50 


63.00 


64.48 


63.80 


63.69 


42.07 


37.46 41.37 


36.91 


39.45 


58 


40-6-180 


65.64 


64 25 


67 . 50 


67.86 


66.31 


36.84 


31.41 33.00 


31.78 


33 . 25 


59 


40-8-180 


72.23 


70.25 


72.84 


72.33 


71.91 


30.11 


26.74 28.08 


29.26 28.54 


60 


40-10-180 


76.10 


76.50 


78.00 


80.20 


77.70 


28.30 


25.00 28.00 


26.70 27.00 


61 


50-2-180 58.00 


57.46 


57 . 50 


57 . 26 


57.55 


45 . 20 


41.54 45.37 


43.31 143.83 


62 


50-4-18062.62 


63.30 


63.58 


64 . 29 


63.45 


41.88 


38.25 ;4i.03 


37.00 139.54 


63 


50-6-18067.58 


67 . 50 


65 . 33 


68.16 


67.14 


42.66 


38.33 38.50 


38.25 


39 . 43 


64 


50-8-180 


76.00 


67.60 


75.00 


73.00 


72.90 


38 . 60 


27. So 37.50 


29.10 33.25 


65 


60-4-180 


69. 10 


66.60 


71 .60 


70.00 


69.32 


57.80 


50.70 47.40 


42.40 


49.57 


66 


60-6- I 80 


73.00 


72.90 


72.00 


73.00 


72.72 


47.00 


41.80 46.60 


34 . 60 


42.50 


67 


20-4-160 


65.61 


60.21 


65.00 


61.66 


62.97 


19.95 


16.59 19.40 


16.83 17.94 


68 


20-6-160 


71 .60 


64.97 


71 .10 


68.10 


68.94 


15.50 


13.50 15.40 


13.17 114.39 


69 


20-8-160 


74.08 


71.30 


73.61 


73.86 


7317 


29.77 


2493 27.38 


26.08 27.07 ' 


70 


20-10-160 


82.20 


77.30 


81 .40 


82.00 


80.72 


25.80 


22.00 25.20 


22.90 


23.97 


71 


30-4-16066. II 


58.88 


^5 . 26 


62.71 


63.24 


18.50 


17.07 |i9 90 


16.88 


18.09 


72 


3O-6-16C 71.73 


65.85 


70.75 


65.85 


68.49 


17.66 


16. 16 


17.28 


12.76 


15.96 


73 


30-8-160 71 .42 


70 12 


72.44 


71.94 


71.48 


29.31 


27.71 I28.29 


27.42 


28.18 


74 


30-10-16076.30 


74.60 


78.00 


75.10 


76.00 


33 . 30 


23.90 25.30 


26.70 


27.30 


75 


30-12—160 86. 10 


81.80 


83.00 


82.60 


83.37 


24.00 


20.60 24.40 


20.80 


22.45 


76 


40-4-160I62.96 


56 . 74 


63 . 56 


58 . 63 


60 . 76 


22.65 


19.26 119.17 


16. 10 19.44 


77 


40-6-160 71.33 


61 .44 


71 . 12 


64.90 


67.20 


16.64 


13.16 


15-03 


13.25 1I4.50 


78 


40-8-160 71 .30 


70.50 


71.10 


71 .80 


71.17 


30.40 


29.60 


28.00 


29.70 


29.42 


79 


40-10-160 81 .90 


76.70 


Ho . 30 


79 50 


79.60 


23.00 


28.50 


26.80 


24.50 


25.70 


80 


50-4-160^65.12 


59.43 


68.35 


62.35 


63 . 38 


18.81 


16.31 


21.78 


18.14 


18.76 


81 


50-6-160 71 .25 


59-77 


69 . 1 1 


62.34 


65.62 


17.63 


15.17 


16.90 


13.53 


15-81 


82 


50-8-160 78.90 


67.00 


70.50 


73.10 


72.37 


39.10 


28.10 


30.80 


28.80 


31.70 


83 


60-4-160:64.00 


67.50 


67.00 


69.00 


66.87 


42.00 


38.00 41.90 


34.60 


39.12 


84 


60-6-16069.00 


70.30 


74 . 30 


74.60 


72.05 


45.60 


38.00 
16.30 


.42.60 


34.50 '40.17 


85 


20-4-12064.80 


55.80 


65.10 


58.90 


61.15 


19.70 


19. 10 


16. 10 17.80 1 


86 


20-8-12075.76 


68.60 


75.21 


71.70 


72.81 


17-50 


14. 12 


16.03 


11.65 


14.82 


87 


20-12-120 84.22 


77.15 


82.32 


79.90 


80.89 


15.35 


10.57 


11.90 


10.90 


12.18 


88 


30-4-12065.38 


58.85 


63.64 


57.40 


61.31 


20.59 


17.90 19.59 


15.83 18.47 


89 


30-8-12076.54 


67.61 


7509 


70.54 


72.44 


18.40 


13.35 17.90 


14.59 16.03 


90 


30-14-1 20,87. 10 


81 .10 


86.00 


83.40 


84.40 


10.70 


1 9.50 9.62 


9.08 9 72 


91 


40-4-12064.68 


56.27 


64. 12 


57.21 


60.57 


21 .21 


25.24 20.63 


15.43 18.13 


92 


40-8-120 75. 10 


69. 10 


75.10 


69.20 


72. 12 


15.80 


14.60 15.90 


114.80 15.27 


93 


40-12-120 84.20 


73.40 


82.80 


79.30 


79.92 


13.60 


ill .10 12.10 


10.30 ,11.77 


94 


50-4-12066.80 


58 . 20 


66.20 


58.50 


62.25 


20.90 


18.20 


19.20 


18.37 


19. 16 


95 


50-8-120 76.50 


68.50 


75.70 


69.00 


72.42 


:i8.5o 


17.90 


15.90 


16.30 


17.15 


96. 


50-11-120 82.87 


77 .62 


83.62 


81.12 


81.30 


14.00 


12.62 


10.75 


13.12 12.62 


97 


60-8-120 


77.80 


76.50 


76.50 


76.50 


76.82 


32.80 


31 .00 


25.00 


28.30 


29.27 



io6 



HIGH STEAM-PRESSURES IN UX^OMOTIVE SERVICE. 



Table 15. — Pressures from indicator-cards. 



Dcsienatiun of 


















• 


tf sis . 


- 




Indicator results — Pressure above atmosphere. 






laboratory 
symbol. 




side. 


Initial. 
Left 




Right 


At cut-off. 






Right 


side. 
- - — Average 


side. 


l4*ft side. 


Average 


3 


1 












1 


n. E. 


C. E. 
77 


H. E. 


C. E. j 


H. r. 


C. E. 


H. E. 


C. E. 
84 

163.3 


85 


» 1 76 

1 
i 


:8 


70 


80 


81 


81 


83 


1 

I 


,20-2-240 225.5 218.8 


1 

228 I 

1 


214.2 i 


221 .6 


1 
1 

156.3 1 


1 
185.8 


165.2 


167.6 


J a 


*>V/"~^ ' mt ^\J 1 •••• j ■••• 


1 

• • • • 


• ••• ' •••• 


1 

• • • • 


■ • • • ' 


• • • • 


• • • • 


• • • • 


2 


20-4-240 228.2 227.1 


218.7 


223.8 224.4 


183.4 ' 


192.4 


170.4 


179.6 


181. 5 


3 


20-6-240 226.5 225.6 


213.9 


218.7 221 2 


167.0 


183.4 


165.0 


175 6 


172.7 


3« 


20-6-240 .... ' .... 


1 .... 


• ••• •••* 

1 


1 

• • • • 1 


• • • • 


• ■ • • ' 


» • • • 


• • • ■ 


4 


20-8-240 223.5 220.0 


220.5 


228.0 223.0 


180.0 1 


186.0 ' 


169.5 


186.0 


180.4 


5 


130-2-240 J229.5 ,235.3 


'224.6 


234.0 230.8 


150.8 


161.5 


136.8 


162.3 


152.8 


5« 


30-2-240 .... 1 .... 


• • • • 


1 


• ■ • • 


• ■ ■ • 


• • • • 


• • • • 


• • • • 


6 


30-4-240 233.0 22S.O 


224.0 


213.0 '224.0 


I55-0 ! 


1570 


151.0 


151.6 


153.6 


/ 


30-6-240 224.7 218.0 


215.0 


217.0 1218.7 


151. 7 


162.3 ' 


152.7 


151 


154.4 ! 


S 


40-2-240 234.9 234.8 


222.4 


,205.4 224.3 


135.7 : 


151.9 


135.4 


136.0 


139.7 


9 


40-4-240 239.0 236.0 


227 .0 


1221 .0 I230.7 


147.0 


147.3 


137-5 


135.0 


141.7 


10 


'40-6-2.^0 215.0 212.0 


207.0 


'200.0 208. 5 

1 i * 


134.0 


129.0 


124.0 


123.0 


127.5 


1 1 


50-2-240 242.3 245.1 


239.6 


'227.8 '238.7 


123.3 1 


144.1 


126. X 


127.0 


130.1 


12 

13 


50-4-240 235.0 231.0 
20-2-220 ,2CK).7 207.2 


225.0 

201 .9 


1212.0 225.7 
202.7 205.3 


165.0 ; 
151.3 1 


120.0 


130.0 ; 


112. 


131.7 


163.3 


145.6 


160.5 


155.1 


M 


2(>-.J-2 2() ,205.5 212.5 


,190.7 


204.2 .203.2 


156. I 1 


168.6 


145.0 


166.5 


159.0 


15 


'20 6-220 I208.3 206.2 


181. 5 


202.0 197.0 


156.3 


169. I 


146.8 


165.5 


1594 


16 


20 8-220 215.2 20<).2 


,189. 2 


KS5-5 ',199-8 


II66.0 


166.0 


152.5 


170.3 


163.7 


17 


'30-2 -220 2t><;.5 207.4 


205 . 5 


196. 1 204.6 


151. 1 


153.9 


142. 1 


147.2 , 


148.6 ' 


IK 


30-4-220 ,210. I 204.0 


199.0 


189.6 ,200.7 


140.7 


151.0 


139.1 i 


144.9 


143 9 


l<> 


30 6 220 '211 .3 203. I 


191.7 


190.1 199.0 


144.0 


155.9 


135.8 


147.9 


145.9 


2r> 


30 -S -220 j2l3.0 2(X).0 


196.0 


200.0 '202.2 


151. 


152.0 


1I42.0 


152.0 


149.2 


21 


.^0-2 220 ,219.2 218.8 


214.6 


204.3 214.3 


130.5 


142.2 


.128.7 


132.1 


133.3 


22 


40 -4-2 20 |2i8.3 


201 .6 


'205.8 


200.0 206.4 


135-8 


136.6 


.131. 3 


125.8 


132.4 


23 


,;o 6-220 210.0 


195.0 


2(X).0 


195.0 2(X).0 


II32.0 


115-5 


,112.5 


144.5 


126.0 


24 


50-2-220 '221 .7 


219.8 


218.3 


205 .1 : 2 1 6 . 2 


!ii5.i 


1129.8 


117. 2 


126. 1 


122.0 


25 


50 -4 -220 217.6 


216.6 


211 .0 


200 .0 1 2 I I . 3 


;ii8.3 


136.0 


'113.0 


119. 


121 .6 


2(1 


50 6 220 213.0 


205.0 


200 . 


1198.0 204.0 


jII2.0 


'iio.o 

1 


1 97-0 


112. 


107.7 


27 


60 ; -220 215.0 '207.0 


205 . 


195.0 205.5 


92.0 


,107.0 


, 80.0 


95.0 


93.5 


2H 
29 


60 6 220 210.0 200.0 
20 2 2(K) 102.9 1<)0.8 


!2(xi.o 

I 80 . 7 


193.0 I2(X^.7 

I183.8 187.0 


1 92 .0 
141 . I 


100. 

154-1 


100. 


108.0 


100. 


143-9 


147.7 1 


146.7 


y> 


,20 4 2(K) I S3. 9 1S6.8 


»77-.S 


177.7 i«2.7 


132.6 


145-3 


127.4 


140.6 1 


136.5 


31 


:20 6 -2(K) I9|. I 185.4 


1S4 .0 


184.8 187.0 


139. I 


149-3 


135.5 


141.9 


141.4 


32 


|20-8-2(K) i<)5.5 iH<>.i 


165.5 


152.5 173.4 


142.8 


156.5 


1132.2 


152.0 


155.8 


33 


3(>-2-2(K) 1 88. 3 1S7.0 


180.5 


176.5 183. 1 


123.8 


140.5 


117.9 


128. I 1 


127.6 


' 34 


3o-4-2(X) 194.0 186.6 


187.0 


181 .0 187 . 1 


126.0 


134-6 


125.2 


128.6 1 

1 


128.6 


35 


30-6 -2(X) 190.6 180.5 


177.6 


,179.1 181.9 


127-5 


131-81 


,119-0 


131. 1 


127.3 ! 


3^^ 


30-8-200 2(X).0 188.0 


185.0 


1 1 90 .0 1 90 . 7 


1330 


ll-kS-O 


130.0 


150.0 


139.5 


37 


40-2-200 202,1 193 -4 


191-3 


! 191.0 194.4 


126.3 


II26.6 


124.8 


120.9 


124.6 


3.S 


40-4-200 19^ -7 »9i..S 


1 89 . 


188.6 (191 -9 

I 1 


121. 3 


II24.6 


115.8 


116.9 ; 


119. 6 


39 


40-6-2(X) 185.4 184.6 


172.2 


178. 1 1180. 1 


114.9 


1259 


III .6 


123. 1 , 


118. 9 ' 


40 


40-8 -2(X) 191.0 182.0 


183.0 


183.0 ^184. 7 


125.0 


135-0 


125.0 


127.0 , 


128.0 • 


41 


,50-2-200 205.2 206.7 


207 . 5 


,193.0 '203.1 


1128 


1 1 26 . 1 


III. 3 


120.5 1 


117.7 1 


42 


i50-4-2(:k) 194.1 i94-^> 


1 1 90 . 8 


1 1 80 . 6 1 90 . 


99-4 


HI .6 


1 98.4 


107.7 


104.3 


43 


50-6-200 195.0 ,184.0 


184.0 


1 184.0 '186.7 


94.0 


! 99-0 


' 87.0 


100. 


95 i 


44 


60-4-200 198.0 185.0 


185.0 


175.0 180.7 


830 


85.0 


750 


77.0 


80.0 


_45 


60-6-200 186.0 1 71.0 


183.0 
' 173-3 


'171.0 i77_7_ 

,177-3 ;i74-« 


84.0 
117.7 


1 96.0 
,128.3 


84.0 

125.8 


99.0 


90.7 i 


1 46 


20-2-180 ,177-3 


171 .0 


133-7 


126.3 1 


47 


20-4-180 

1 




171. 5 


168.5 


167.7 

1 


171 .2 

1 


169.7 


117. 6 


1I25.4 

1 


,123.7 


131.3 


124.5 1 

1 



HIGH STSAM-PRgSSURGS IN LOCOMOTIVE RRRVICB. 
TablB 15. — Pressures from indicator- cards — Continued. 















1 


Labomlory 

lymbot. 






WtlJ. 










W™t-oH 




Right ridt 


Left 


«de. 


Av. 


RkhlsMt 


■udt. 


>id(. 




§ 




H.E. 


C.B. 


H.E. 


C.E. 




""- 


C-E. 


H.E, 


C.8, 


»a 


1 


» 


T» 


Tl 


^.T 


IB 


SO 


Bl 


~;r 


83 


48 


20-6-180.169. I 


164.3 


167.3 


170.8 


167 -9 


121. 8 


'29-9 


"9 5 


'32 8 !lJ5.9 1 


49 


30-8-180' 1 73 




166 




166 


9 


173 




169 


7 


126 




130 


8 




7 


'34 


5 '29 


3 


30 


20~To-i8oi73 




170 




.67 




178 




172 




129 




'47 




137 




'5' 








5' 


30-i-iBo 175 


5 


170 


9 


178 




'74 


6 


'74 


7 


"5 


9 


124 




"7 








"9 


6 


52 


30-4-180171 


4 


.63 


8 


178 


3 


'57 




169 






3 




8 


"5 


7 


109 


4 


"4 


4 


S3 


30-6-1 Bo 161 


8 


'57 




164 


8 


154 


7 


'59 


9 


104 


3 


109 


7 


108 


8 






'05 


7 


54 


3o-8-:8o 17J 




166 




168 


5 


167 


9 


16S 


8 


"3 


3 


123 


8 




3 


135 


5 


119 


5 


55 30-io-iSO|i74 




.69 




170 




'77 




[72 


5 


118 




131 








140 


128 




56 


40-2-1 Sol 188 


3 


17s 


3 


184 




179 




181 






6 




6 




4 


106 


104 


9 


57 


40-4-180 169 


9 


167 




176 




173 


6 








4 


.06 






4 






7 


38 


40-6-180 174 




168 


8 


'73 




173 


3 






107 


6 


114 


3 


107 


3 


113 


3 I'lo 


6 


59 


4o-8-.8o;i65 


5 


164 


3 


164 




164 


8 


\'b\ 




103 


4 


107 








108 


7 


'05 


3 


60 


40-10-180 167 




164 




'63 




'73 




166 




116 












137 




116 


7 


61 


50-2-180 193 


6 


.87 






3 


188 




190 




90 


8 


103 


7 


95 




97 


6 


96 


7 


6i 


50-4-180185 


4 


■77 




'85 


5 


180 


8 


182 




90 




99 


5 


89 




98 




94 




63 


50-6-180! 176 




171 


6 


173 


3 


176 




'75 






3 


93 


6 


86 


5 


94 


6 


90 


8 


64 


50-S-180 i6i 




164 




'59 




166 




162 




95 








97 




'05 




99 


7 


6S 


60-4-180177 




168 




'67 




163 




i63 




69 




57 




64 




77 




66 


7 


66 


6o-6-iRni72 




.62 




t6l 




158 




163 








74 




-21. 




_5i 




76 


J. 


67 


20-4-160 153 


T 


150 


6~ 


145 


"a" 


149 


"8^ 


150 




7^ 


"9^ 


.21 


"5^ 


107 


T" 


.18 


1^ 


114 




68 


20-6-160.55 




154 


9 


'47 


8 


>50 


9 


'51 






6 


128 




"3 




123 


4 


119 




69 


20-8-160 144 


3 


'47 


6 


147 


8 


151 


4 


'47 






4 




8 




3 


118 


3 






70 


30-10-160 154 




151 




'SO 




138 


4 


'53 




"5 




'32 




.29 




'36 




'30 


5 


71 


30-4-160 159 




"SO 


7 


"5> 


5 


t47 




151 




107 


9 








3 


106 


3 


107 


3 


71 


30-6-160155 




146 


7 


.48 


8 


147 


6 


'49 






5 




9 


97 


7 






104 


8 


73 


30-8-1 Co 158 


3 


151 


6 


152 


9 


153 


9 


154 






7 


107 




'03 


6 


107 




104 


8 


74 


30-10-160.159 




'54 




'54 




160 




'56 












.04 




107 




104 




75 '30-11-160153 




'54 




'50 




'58 




'53 








126 




"4 












76 [ 40-4-160155 


6 


'56 




'49 


9 


'34 




'54 




90 


5 


96 


7 


85 




99 




90 




77 \ 40-&-160151 


3 


153 


3 


.48 


7 


'53 




'5' 




91 


6 




6 


86 








95 




78 1 40-B-1601SI 




"51 


8 


150 


S 


'52 




151 




89 




93 


7 


91 


3 


95 


4 


92 




79 '40-10-160 148 




149 




'44 




i5i 




148 








113 




107 




"3 




108 




8d 


50-4-160 165 




163 


9 


160 


7 


160 




161 




81 


7 




4 


77 




9' 


3 


87 




81 


50-6-160 150 




"5= 




145 


3 


149 


7 


149 




76 




90 


9 


73 


3 


91 


3 


82 




8] 


50-8-160145 




'47 




140 




146 




'44 




89 




83 




83 




95 




87 




83 


60-4-160' 160 




'50 




'5' 




132 




'53 




6t 




6. 




57 




66 




61 




84 
85 


60-6-160 160 




146 








'44 




148 




74 




68 




7' 




76 








10-4-120,115 


~^ 


1.2 


3 


T09 


~^ 




~2 


112 




79 


T 


85 


~^ 


78 


T 


84 


"a" 


"sT 




86 


20-8-120,114 


3 




3 


io3 


5 










8. 




86 


8 






87 




84 




B7 


30-12-120,109 


9 






109 






5 






89 


s 


93 


9 


89 




98 


3 


91 




88 


30-4-120119 


3 




6 


"3 


6 






114 




73 


9 


80 


4 




4 


77 




76 




89 


30-8-110115 






7 




3 


109 


6 






71 


4 


79 




72 


3 


80 


6 


73 




90 


30-14-110104 




108 






9 


103 




104 




84 


3 


87 


5 


84 


3 


90 




86 




9« 


40-4-120:118 


5 


1.8 






8 


1i3 




iiS 




66 


6 


74 




65 


6 


74 


3 


70 




9» 


40-8-120.11 


9 




6 


107 




106 


3 


109 




64 


8 


70 




63 


6 


73 




67 




93 


40-12-120105 


8 


"3 


4 


107 




104 




■07 




71 


6 


S2 




69 


5 


Si 


2 76 




94 


SO-4-I20U5 


6 


'35 


9 














58 




68 


5 


35 


3 


65 


1 61 




95 


50-8-120116 


9 


"3 




109 




109 


8 






64 


3 


66 


9 


58 


6 


68 


4 64 


5 


96 


50-1 t-l 20; 103 


5 


97 


7 


95 




99 


5 






62 


7 


67 


7 


63 




69 


5 65 


8 


97 


60-8-120115.0 


106 


106 o 


1040 


107,7 


68 D 


62 


61 


71 66,0 1 



io8 
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TablS 1 6. — Pressures from indicator-cards. 



Designation of 




'. 


[ndicator results — Pressure above atmosphere. 






• 

6 


tcsU. 






















laboratory 
symbol. 


Rish 


_ 
t side. 


A.t release. 






At( 


compress 


ion. 

side. 

1 


Average 


Left 


side. 


Average 


Right side. 


Left 












9 

1 

I 




H.E. 



80 

5^-5 


C. E. 


H.E. 


C. E. 1 




H. E. 


C. E. 


H.E. 


C. E. 




2 


87 

56.8 


88 ! 

I 


89 ; 


90 


91 


92 


93 


94 


9ft 


20-2-240 


46.1 


50.4 


51.4 


17.8 


18.0 


18.5 


19.6 


18.5 


la 


20-2-240 


• • • • 


• • ■ • 


• • ■ . 


.... 


.... 


.... 


.... 


• • . • 


• * . . 


• * • • 


2 


20-4-240 


57.3 


59-6 


58.0 


56.7 


57.9 


19.7 


21.6 


18.6 


18.2 


19.5 


3 


20-6-240 


750 


73.7 


68.1 


76.1 


72.6 


9.2 


10. 1 


9.6 


10.7 


9 9 


3« 


20-6-240 


• ■ • • 


.... 


■ . . * 


• • . . 


.... 


• . . . 


« . • • 


• ■ . . 


.... 


• ■ • • 


4 


20-8-240 


82.5 


82.5 


81.0 


87.0 


83.2 


7-5 


12.0 


7.5 


10.5 


9-4 


■ 

5 


30-2-240 


44.8 


51.6 


44.5 


530 


48.4 


16.9 


19-3 


18.8 


27.1 


20.5 


5« 


30-2-240 


• • ■ • 


■ . • . 


.... 


... * 


.... 


.... 


• . . • 


«... 


• . • . 


• • . • 


6 


30-4-240 


53 


55-5 


54 


53.6 


540 


12.4 


13.6 


130 


14.4 


15.8 


7 


30-6-240 


65 ■ 3 


65.0 


61.3 


60.7 


63.1 


10.3 


II. 3 


10. 


II. 7 


10.8 


8 


40-2-240 


41.2 


46.4 


40.9 


40.4 


42.2 


26.0 


27.8 


22.8 


273 


25.9 


9 


40-4-240 


47.7 


53 


50.7 


50.0 


50.3 


'l^ 


14.8 


12.4 


14.8 


13-5 


lO 


40-6-240 


570 


54 


50.0 


530 


53-5 


16.0 


18.0 


13.0 


16.0 


15. 7 


II 


50-2-240 


33-3 


45.3 


35 


36.6 


37-5 


21.3 


27.3 


22.5 


20.5 


22.9 


12 

13 


50-4-240 
20-2-220 


40.0 
44.3 


40.0 
47-3 


43 
42.3 


40.0 

44-9 


40.7 
44-7 


22,0 


21 .0 


18.0 


20.0 


20.2 
30.4 


27.4 


31.6 


29.6 


33-3 


'4 


20-4-220 


49-3 


54- 1 


47.6 


55.4 


51.6 


36.0 


37-5 


28.5 


37-3 


34.8 


15 


20-6-220 


61.4 


66 . 5 


56.9 


70.0 


63.7 


26.9 


41 .6 


27.7 


37.4 


33-4 


i6 


20-8-220 


81.7 


78.0 


74-2 


86.3 


80.0 


24.0 


28.1 


21.7 


26.6 


25.1 


17 


30-2-220 


37-2 


43 


35.9 


40.2 


39- 1 


32.7 


34.5 


30.4 


36.1 


33-4 


i8 


30-4-220 


47-9 


51 •» 


46.6 


50.1 


48.9 


26.3 


340 


25 I 


28.8 


28.6 


19 


30-6-220 


51-7 


60.5 


52.9 


61.5 


57-4 


28.0 


36.7 


27.4 


32.1 


310 


2() 


30 -S-220 


70.0 


68.0 


67.0 


70.0 


68.7 


15.0 


15.0 


12.0 


14.0 


14.0 


21 


40-2-220 


33-7 


370 


35 • 7 


34-2 


35-1 


34-2 


35-7 


35-2 


35-2 


35.1 


22 


40 -^ -220 


44.6 


43-3 


4(^.0 


44.6 


43-1 


34-8 


35.6 


33-5 


27.6 


32.9 


23 


40 -6 -220 


55-5 


52.5 


51.0 


530 


53 


150 


16.5 


135 


15.0 


15.0 


24 


50-2-220 


26.4 


33 ■ 7 


2(). I 


31.2 


30- 1 


30.6 


36.4 


32.7 


35.7 


33.8 


25 


50-4-220 


39 


43 


38 


42.7 


40.6 


31.7 


41 .0 


32.3 


37.0 


35 5 


26 


1 50 6 -2 20 


51 


450 


44.0 


47.0 


46.7 


20.0 


19.0 


12.0 


17.0 


17.0 


27 


60-4-220 


35.0 


330 


350 


38.0 


35.2 


14.0 


150 


12.0 


16.0 


14.2 


2H 

29 


' 60-6-220 

20 -2 -200 


47 

^8.6 


42.6 


46.0 

~38.r~ 


! 48.0 
41.0 


39-9 


24.0 

25.2 


21 .0 
27.0 


20.0 


22.0 


21 .7 


29.4 


25.2 


26.8 


3f> 


20-^-200 


^3.2 


50 4 


45 


49.1 


4^>0 


29. 1 


35-7 


253 


29.0 


29.8 


31 


20 -6 -2(X> 


5S . 7 


57-5 


58.6 


59-7 


58.6 


7-4 


10.3 


7.3 


10.2 


8.8 


3^ 


20-S-2(X) 


'^»9.8 


71.8 


65 . 2 


78.7 


71.4 


22.4 


26.3 


' 20.3 


25.9 


23.7 


33 


30-2-2(X) 


,32. 


39 • 5 


33-4 


35.3 


35.0 


1 28.4 


1 34-3 


; 27.5 


29.9 


300 


3^ 


30 -4- 2(K) 


\2 .0 


44.0 


42.8 


41 .6 


47.6 


1 9.4 


II .0 


9.8 


II .0 


10.3 


35 


30-6-2(M) 


^8 . 5 


51.6 


46.2 


56.2 


50.6 


31.6 


35.5 


32.4 


35-2 


33-7 


3^> 


30-8-2(K) 


;64.o 


63.0 


570 


70.0 


63 • 5 


14.0 


1 16.0 


1 10. 


18.0 


14-5 


37 


40-2-200 


' 29 • 4 


33-5 


1 28.8 


30.6 


30.6 


1 32.3 


1 31.9 


315 


34-5 


32.5 


3« 


40-4-200 


38 • 7 


40.3 


34-6 


37-9 


37-9 


, 18.3 


21.5 


17.2 


20.3 


193 


39 


4O-6-2CX) 


42.5 


, 51-2 


40.6 


1 52.9 


46.8 


36.8 


46.8 


35-9 


46.2 


41.4 


40 


' 40-8-2(K) 


6-^.0 


570 


570 


64.0 


60. 2 


20.0 


1 20.0 


16.0 


18.0 


18.5 


41 


5r>-2-200 


26.8 


30.4 


26.6 


27.9 


27.9 


26.5 


, 29.7 


31.8 


32.0 


30.0 


42 


50-4-200 


30- 7 


37-7 


34-4 


1 34-7 


34-3 


340 


33-9 


32.2 


37.7 


34-4 


43 


1 50-6-200 


450 


430 


40.0 


48.0 


44.0 


14.0 


' 150 


10. 


1 16.0 


13.7 


44 


60-4-200 


31.0 


32.0 


30.0 


' 32.0 


31.2 


II .0 


1 12.0 


10. 


; 13.0 


"5 


45 
46 


60-6-200 
1 20-2-180 


39 
"38.3 


3_L:« 
'39 .'5 


, 39 
39- 1 


1 34 • o_ 
39-9 


35 • 7 
39-2 


1 15 
5-5 


, 18.0 
6.6 


12.0 


' 16.5 


154 


6.6 


7.6 


6.6 


47 


1 20-4-180 


43-2 


43-5 


43.4 


44-4 


43-6 


7-5 


7-7 


7.6 


7.9 


7.7 
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Tabi^ 16. — Pressures from indicator-cards — Continued. 



Designation of 
tests. 


Indicator restxlts — Pressure above atmosphere. 


i 

a 

•4 


Laboratory 
isymbol . 




At release 


1 

• 






At compression. 




Right side. 


Left side. 


^ «#^«B#% tfW JA 


Right side. 


Left side. 


Average 












Average 










1 




HE. 


C. E. 


H. E. 


C.E. 




H. E. 


C.E. 


H. E. 


C. E. 




2 


86 


87 


88 


89 


90 


91 


92 


93 


94 

1 


95 


48 


20-6-180 


50.2 


50.0 


50.3 


55.4 


514 


6.8 


8.3 


7.7 


8.1 


7.7 


49 


20-8-180 


60.6 


57.8 


6x.i 


68.0 


61.8 


6.7 


7.1 


6.6 


8.0 


7.1 


50 


20-10-180 


70.0 


70.0 


68.0 


8x.o 


72.2 


7.0 


II. 


7.0 


10. 


8.7 


51 


30-2-180 


32.0 


32.2 


32.5 


33-5 


32.5 


6.0 


6.7 


6.9 


7.0 


6.6 


52 


30-4-180 


35.4 


37-3 


41.6 


38.8 


38.3 


7.6 


9.0 


8.2 


9.6 


8.6 


53 


30-6-180 


40.8 


40.8 


45.3 


40.7 


41.9 


7-4 


6.8 


8.0 


9.0 


7.8 


54 


30-8-180 


540 


56.4 


54-7 


60.6 


56.4 


91 


10. 1 


9.0 


10.3 


9.6 


55 


30-10-180 


65.0 


64.0 


60.0 


75.0 


66.0 


12.0 


150 


12.0 


15.0 


13.5 


56 


40-2-180 


26.3 


28.1 


29.9 


28.2 


28.x 


8.8 


8.5 


91 


9.3 


8.9 


57 


40-4-180 


32.3 


32.4 


35.7 


33-5 


33-4 


8.9 


8.9 


8.5 


10. 1 


9.1 


58 


40-6-180 


42.4 


46.2 


43-2 


46.3 


44-5 


9.8 


11.5 


II. 4 


12.2 


II. 2 


59 


40-8-180 


49-4 


47-5 


49.1 


53.1 


49-7 


16.4 


17.0 


151 


16.7 


16.3 


60 


40-10-180 


60.0 


60.0 


59.0 


68.0 


61.7 


16.0 


19.0 


16.0 


20,0 


17.7 


61 


50-2-180 


23.8 


25.2 


27.5 


26.6 


25.7 


9.41 


9.9 


9-5 


9.5 


9.5 


62 


50-4-180 


295 


28.5 


32.6 


30.9 


30.3 


10.5 


10.4 


10.5 


II. 8 


10.8 


63 


50-6-180 


36.8 


35.8 


38.5 


39.3 


37.6 


11. 


II .0 


12.0 


12.5 


II. 6 


64 


50-8-180 


42.0 


44.0 


42.0 


50.0 


44-5 


14.0 


18.0 


13.0 


17.0 


15.5 


65 


60-4-180 


26.0 


22.0 


24.0 


27.0 


24.7 


8.0 


70 


7.0 


10. 


8.0 


66 


60-6-180 


32.0 


29.0 


32.0 


36.0 


32.2 


12.0 


13.0 


8.0 


14.0 


II. 7 


67 


20-4-160 


35.1 


36.6 


35.2 


39.4 


36.6 


20.6 


26.7 


21.0 


24.0 


23.1 


68 


20-6-160 


42.5 


47.6 


41.9 


48.0 


45.0 


233 


31-9 


21.3 


25.6 


25.5 


69 


20-8-160 


51.8 


47-7 


52.4 


56.7 


52.x 


5.0 


7.0 


5.5 


7.6 


6.3 


70 


20-10-160 


62.0 


60.0 


59.0 


73.0 


63.5 


5.0 


7.0 


4.0 


6.0 


5.5 


71 


30-4-160 


28.7 


31.4 


29.4 


31.9 


30.4 


27.0 


28.6 


25.4 


29.3 


27.6 


72 


30-6-160 


36.2 


38.8 


35.0 


43.3 


38.3 


25.0 


28.6 


22.8 


31.7 


27.0 


73 


30-8-160 


46.1 


47.3 


46.3 


53.4 


48.3 


10.5 


II. I 


9.1 


II. I 


10.4 


74 


30-10-160 


540 


570 


54.0 


64.0 


57.2 


8.0 


13.0 


10. 


10. 


10.2 


75 


30-12-160 


61.0 


62.0 


62.0 


76.0 


65.2 


II. 


14.0 


10. 


14.0 


12.2 


76 


40-4-160 


26.4 


32.5 


24.5 


32.6 


28.9 


245 


31.2 


26.3 


35.1 


29.1 


77 


40-6-160 


30.9 


38.3 


30.5 


41. 1 


35.2 


34-5 


42.6 


31-4 


39.6 


37.0 


78 


40-8-160 


40.6 


43.8 


43.x 


47-5 


43.7 


13.4 


13.5 


13.4 


15-3 


13.9 


79 


40-10-160 


48.0 


51.0 


50.0 


60.0 


52.2 


16.0 


150 


12.0 


16.0 


H-7 


80 


50-4-160 


22.7 


26.2 


233 


27.7 


25.0 


31.2 


39-7 


28.0 


33-2 


33.0 


81 


50-6-160 


28.3 


35.8 


28.0 


38.7 


32.7 


33.1 


38.8 


312 


42.0 


36.3 


82 


50-8-160 


36.0 


40.0 


40.0 


44.0 


40.0 


12.0 


15.0 


12.0 


15.0 


135 


83 


60-4-160 


23.0 


18.0 


20.0 ; 


22.0 


20.7 


9.0 


II .0 


10. 


12.0 


10.5 


84 


60-6-160 


28.0 
22.7 


25^0 
25.1 


26.0 
21 .9 


29.0 
26. 1 


27.0 
239 


10. 

21. 1 


10. 
26.5 


8.0 
21 .6 


13.0 
26.0 


10.2 
"23". 8 


85 


20-4-120 


86 


20-8-120 


34-8 


35.9 


35.8 


41.2 


36.9 


14.4 


19.8 


15-8 


22.6 


18.2 


87 


20-12-120 


49.9 


51.0 


50.2 


60.0 


52.8 


15.2 


18.4 


13.7 


16.8 


16.0 


88 


30-4-120 


19.2 


21.7 


18.3 


22.7 


20.5 


23.7 


26.2 


22.0 


28.7 


25.1 


89 


30-8-120 


27.8 


32.6 


28.3 


35.3 


31.0 


18.3 


25.6 


16.5 


23-5 


21.0 


90 


30-14-120 


52.1 


54-2 


53-2 


61.8 


55.3 


22.8 


25.0 


24.1 


26.3 


245 


91 


40-4-120 


16.4 


20.5 


17. 1 


20.3 


18.6 


24.9 


37.1 


25.4 


34.7 


30.5 


92 


40-8-120 


254 


28.5 


25.4 


32.8 


28.0 


26.2 


29.2 


21.2 


25.8 


25.6 


93 


40-12-120 


39-9 


50.6 


40.5 


50.8 


45.4 


27.9 


36.7 


26.5 


330 


31.2 


94 


50-4-120 


134 


21. 1 


13.8 


18.4 


16.7 


27.6 


34-9 


24.3 


30- 1 


29.2 


95 


50-8-120 


29.1 


26.5 


243 


32.8 


28.1 


30.0 


26.7 


27.0 


28.9 


28.1 


96 


50-II-12O 


33.7 


34.5 


32.0 


40.0 


35.0 


315 


32.2 


34.7 


330 


32.8 


97 


60-8-120 


21.0 


19.0 


23.0 


27.0 


22.5 


130 


12.0 


14.0 


130 


130 
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■Tabd. 


Ri^(»« 


t L<ft 


■A 




*«T- 




a«ht>fc. 




X^km^t. 


Atmic 


























^ 




M.E. 


ce. H.E 


CE. 




B. E. 


c;e. 


H.E. 


C E. 




— 


" ."~ 


M 


•T M 


•• 


^ 


>•! 


■•s 


I« 


MM 


IW 


ao-j-a40 


30 


, 


7 3-' 


14 


1.6 


fiO.75 


6t.32 


65.69 


53-08 


6019 




Vt-^-Ztfi 




















5i 


50 


51 




6i 


Si 


51.73 


53 


S3 




v^iriifi 




3 




3 I 






6 




3 


84 


99 


82 


"5 


82 


53 


81.04 


Si 


67 


3 


a'>-0-i4o 


















5 




49 


97 


75 


96 


»7 




99 


05 


yt 






















'98 


46 


94 


9' 


93 


35 


94. "7 


95 






an-6-J4r 
















3 


S 


■ 26 


60 


>"3 


80 




60 


131. 00 




50 


5 


lo-j-i40 








1 2 






6 


4 


9 


54 


33 


S3 




53 


45 


4«.29 


52 


39 


3a 


.V>-i-i40 




















50 


84 


51 


•9 


55 


63 


47-53 


5> 


30 


6 


y-\-iv> 










6 




3 






65 




67 


80 


67 


63 


64.66 


66 


36 


7 


y>-fr-iv 




.1 




7 5 








4 


7 


83 


66 


82 


90 


83 


85 


fij.o6 


S3 




ft 


af^i-iif, 








3 , 2 






6 




5 


45 


07 


46 


85 


46 


39 


40.30 


, 44 


6^ 


9 


4r^4-340 




8 












3 




57 


26 


64 


62 


59 


64 


58.75 


. 60 


06 




40-^-240 




















68 




66 


40 


68 


50 
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67 


17 
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38 
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43 




38 


48 
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38 


59 


13 
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70 


57 
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53 
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83 
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54 


37 


'4 
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4' 
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39 


IS 
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6 


91 


32 
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35 
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»3 


11 
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81 
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93 


17 
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45 


15 
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5 
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50 
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99 
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S9 
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6i 


88 


'9 
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8 


3 


4 


So 


39 


76 


48 


75 


97 
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78 
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94 


04 
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96 
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38 


'4 


41 


41 


40 


40 
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39 
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S 
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5' 


83 


53 


SO 
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53 


81 
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73 


78 


67 
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80 
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70 


60 


»4 
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5 


9 




9 




3 


30 


96 


33 


16 


31 


•9 
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31 


04 


»5 
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3 










7 


3 




48 


88 


46 


68 


48 


»7 


46.44 


47 


56 


?6 


V>-ft-2 20 
















9 




65 


55 


57 


93 


62 


'3 


61.68 


61 


85 


97 


»^*,-4-2 20 
















e 




44 


00 


41 


33 


43 


65 


44.00 


43 


24 


jg 


6f.-6-i„ 


'■^ 


" 








11 




IL 


J_ 


56 


40 


SI 


36 
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58.09 


55 


70 
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48 


09 


46 


36 


47 


65 


47-39 


47 


^5 


r' 
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8 


58 


90 


59 


38 
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61 


05 
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3 


79 


96 


75 


94 


80 


82 
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79 


31 
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98 


95 


05 


96 


66 


106.73 
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7 


36 


87 


37 


76 


39 


05 
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37 


88 


It 
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6 


30 


84 




09 
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5" 


69 
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7" 


34 


65 


90 
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71.37 


68 


90 


11 
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89 




83 


88 


85 


6a 


91-74 


87 


83 


17 
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3" 


82 


33 


95 


31 


82 


31.08 


32 


4» 


.!« 


40-4-2(y. 




5 






9 




9 


3 


3 


49 


■>5 


47 


98 


47 


37 


45-19 


47 


4' 


.TJ 
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5 






4 


5 


60 




62 


65 


58 


86 


68.17 


63 


47 


1" 


V H -Ii«. 
















9 


5 


78 


40 


73 


"9 


75 


40 


79.22 


76 


55 


4' 


,V.-Ii'« 






1. 
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3 


28 


59 


28 


57 


i8 


^3 


35.89 
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4» 
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3 


9 


37 


73 


39 


81 


41 


61 


37-55 


39 


tS 


A^ 
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7 


7 


59 


91 


55 


So 


57 


13 
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57 


05 


M 
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35 


73 


37 


69 
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36 


68 
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43 


47 


^1 


54 
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46 


53 
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~^ 


37 


73 


39 


80 


4' 


83 
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40 


4= 
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54 


S2 


53 


4> 


57-9' 
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HIGH STBAM-PRSSSURES IN LOCOHOTIVB SBRVICH. 
Table 17. — Preinati from induator-card* — Continued. 
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Indicator icralti- 


-,_^.w. .„-.,„ 






i 
i 

z 


tz^ 


Lcut bulc 


Man dTedit*. 


Avav 


RUht -Mt. 


Lefttidc. 


Avo-- 


Hilhtride. 


Leftside. 


H. K. 


C-K. 


H. E. 


CB. 


H.H. 


C-E. 


H.B. 


C.S. 


I 


9 


BS 


~^ 


M 


»» 


100 


101 


loa 


ma 


104 


lOS 


48 


20-6-(8o 


0.2 


0.7 


0.3 


I.I 


0.6 


70.12 


67.37 


71-15 


73.84 


70.63 


49 


jo-8-180 




5 




5 




7 










85 


94 


83 


18 


86 


40 


9' 


57 


86 


77 


5° 


!0- 10-1 80 






3 


















74 


96 


75 




36 


"S 


47 


103 


Si 


5" 


3O-I-180 




4 




9 














31 


70 


33 


9' 


33 


39 


33 


'7 


33 




SI 


30-4-180 I 


5 




5 




5 










43 


35 


45 


28 


49 


70 




65 




97 


53 


30-6-180 1 


6 


3 






9 








5 


53 


81 


54 


70 


59 


64 


53 


62 


53 


44 


54 


30-8-1 8o| 2 




3 


8 




S 






3 




74 


95 


75 


64 


75 


76 


82 


81 


77 


29 


55 


30-10-180' 6 




6 












6 




91 


So 


86 


77 


86 


7' 




61 


91 


7» 


56 


40-1-180 I 


5 





6 




8 






1 






74 


31 


90 


38 


46 


»7 


43 


37 


39 


57 


40-4-180: 1 






3 














38 


78 


40 


43 


43 


98 


39 


65 


40 


7> 


58 


40-6-180 2 










6 






3 




53 


54 


55 


74 


56 




59 


28 


56 


14 


59 


40-S-180, 7 




6 












6 




63 


93 


62 


77 


63 


33 


66 


61 


64 


16 


6a 


40-10-180' [O 




















79 


30 


76 


33 


76 


87 


87 


67 


So 


»» 


6: 


30-2-180' 


8 




6 




9 












37 


23 


59 


»4 


51 




13 




65 


61 


50-4-180' : 


8 




4 




9 










31 


40 


35 


53 


35 


81 


36 


69 


34 


85 


63 


50-6-180I 6 


3 




6 




8 






5 






81 


46 


51 


45 


93 


49 


■6 


46 




64 


50-8-180! 8 




8 












8 




57 


66 


54 


35 


58 


09 


63 


73 


58 


46 


55 






3 
















ag 


97 


23 


37 


31 


56 


34 


13 


30 


98 


66 


60-6-180' G 




_7_ 




^ 








_L 








ji 






06 


46 


28 


4» 


J4 


67 


20-4-160 I 




















"IT 


TT" 


43 




45 


95 


48 


82 


46 


43 


63 1 J&-6-160 I 






6 




3 










63 


as 


58 


62 


61 


76 


67 


55 


61 


95 


6g 1 30-3-160 2 




3 






4 










72 


3+ 


68 


89 


73 


76 


76 


74 


73 


93 


70 io-io-i6o 2 




















93 


93 


88 


o3 


90 




105 


69 


94 


43 


71 3o-4-'6o I 










5 










38 


78 


36 


03 


38 


07 


40 


69 




39 


72 , 30-6-160 I 




















54 




50 


84 


5» 


80 


58 


47 


ll 


08 


73 30-8-160 I 


6 








9 










63 


H 


64 


19 


64 


90 


69 


78 1 65 


58 


74 3'>-'o-i6o 3 




5 












3 




73 


04 


77 


33 


77 




85 


29 


79 


47 


75 30-ii-i6o 6 




5 












6 




90 


75 


85 


97 


86 


98 


97 


84 


90 


38 


76 1 40-4-160 I 










3 










31 


61 


31 


85 


3» 


85 


36 


66 


33 


49 


77 ' 40-6-160; 2 










5 










44 


53 


43 


84 




03 


50 




45 


63 


78 1 40-8-160 3 


5 








7 










53 


45 


56 


76 


56 


65 


6. 


Z 


57 




79 40-10-160 7 




7 












7 




69 


89 


67 


83 


69 


43 


79 


56 


71 


68 


80 ' 50-4-160 I 




















28 


37 


26 


77 


37 


94 


31 


35 


38 


58 


et 


30-6-160 3 


3 








8 






3 




39 




39 


33 


37 


55 


44 


28 


40 


19 


81 


50-8-160 6 




6 












6 




51 




48 




5' 


73 


S6 


80 


51 


91 


83 


6o-4-i6oi 2 




















»4 


40 




71 


15 


99 


28 


72 


35 


46 


-84_ 


6o-6-i6o! 5 




4 












4 




34 


S8 


34 




36 


93 


40 


43 


36 


11. 


85 


20-4-120 




T~ 


1 












I 




29 


20 


36 


73 


38 


75 


28 


So 


38 


36 


86 


30-8-12O 






















54 


61 


49 


40 


S^ 


46 


57 


87 


53 


59 


!^ 
























75 




7' 


73 


76 


4' 


79 


44 


7S 


69 


88 


30-4- 1 20 




5 


















33 


48 


33 


87 


'4 


13 


34 


89 


34 


09 


89 


30-8-120 






















45 


73 


43 


87 


46 


03 




65 


45 


82 


90 


30-14-120 


















5 




7^ 


SI 


69 


80 


7" 


30 


76 


65 


71 


56 


91 


40-4-1 10 






















iS 


9+ 


19 


03 


'9 


50 




n 


19 


4^ 


9i 


40-8-.20 




8 


3 
















40 




38 




40 


35 


45 


49 


40 


94 


93 


40-1 J- 120 




7 














7 




58 


'3 


55 


07 


57 


'5 


63 




58 


4' 


94 


50-4-130 
























3+ 


>5 


40 


14 


47 


16 


97 


"5 


29 


"5 


50-8-120 




7 


3 












5 




35 


19 


33 


79 


35 


41 


40 




36 


13 


96 


50-11-120 






7 


5 








5 


7 


6 


45 


24 


43 


70 


45 


04 


5" 


■7 


46 


26 


97 


60-8-110 


4.0 


4.0 


50 


7.0 


50 


30.69 


27.15 


31.42 


35.90 


31.19 



HIGH STEAM-PRESSURES IN LOCOMOTIVB SERVICE. 
Tablb i8.— Engine perfor 



Indicated borscpovcr. 



Right lidc Left ride. 



I. E. I C. E. Total. 



i 

111 



«. . L 



3 I. H. p. 



^'iiislltli.i 'i 

8 i|liij|y|i I I 



20-2-240 65.96 I 



-240'! 



ii6.ign 



■8:466, f 



4 I 20-8-240 I, 

5 I 30-2^240' I 
50 30-2-240, I 

6 I 30-4-3401 

7 r 30-6-240 r: 

8 I 40-2- 



. 107. o<) 107.99 



I .So-4-240 i.s.i.K 



..56 109.60449 

145-41 141 ■69'568 
97. OB 85,1-371 
100.65 83.50,362, 
111,731113.94470 
139.461132,51540 
112.121 94.5H4" 
i44.3«,'3S-t>J566 

ii«.8o'ioi.3o'465 
Mi44.66'6, 



3.29!i8o.o87 157, 761485.0424.9 



6414.43 17.341.. 
30' ...-117.83 .. 
78,24.16 16.553- 



5024.97 16.953-07,' 



20-4-210 

30-1-2 20 


85 45 

109,82 

■37-7" 
79 95 


30.6-220 
30-8-22. 
40-2-220 


i.,3..lS 
185.96 
91 01 


4(>-r2J' 


'31-37 


5O-J-220 


92."<) 



■156.63 
'> 95.63 

134-66 



(14.51 03.74255. 

82.971 92-07 3-11- 
103.51 1,6,56 4.11- 
132.2S|,3H.23 533. 

B2.8o| 79.71320, 
112.43:113.17,446, 
137, iil'4G. 14,559 
177. 6S;i8). 19715 

98-071 86,46371, 
129.48:128.55509 
172.48:166.43672 

oy-ii] 93-68378 
1-16.021136,44562 

. 88. 4,l'i8i. 33732 
iS'-.Soii55-22 6i4 
203.29 2(11-95 71" 



>9i. 739 474-» 407-4 

171, 200:461,9405 9 

"5.387|463-4!398 

'94. 579 476.9 4"8-0 



33J7-65;i6-723. 
85ii5.80l16.893 
44=5-5' '7,54;3. 
02-35. 86119.303, 
32 j6. 60, 16. 00-3, 
49'24-'3 16-953 
4923.59 17.533 

28 '19.55 

4625.58 :6,433 
07 23.C8<6.2i 

65I 18.14 

79,26.2916.42 
30 24. oH' 16. 71! 
36| '18.39 



J. 333 '49. 

), 8641185, 
I. 684! 219, 
t. 475 143. 
S. 173 182, 



;bJ,; 



.45192.609 

.57'259.9*o 



'67. 577|508.044J.4 
116. 494I462. 3402. S 



53.. 18 






87,81 




'"(-6.1 


116.84 


65-4,1 


70.91 




96,34 


14.22 




4-S,3i 


158-54 




79-4" 



.23 287.62 26.24 '6-92 3.51, 



). 52. 237.035 

J, 48. "39. 

,181,466 

i-4«235. 366 

5-351159.350 
3-28209,84 
j.47;28i,07; 



5<>-6-="",'78,35 11 

6o-6-;tHi 161.17 1, 

■ lo-j-i.so 46.73 . 

20-4-180 65.53 ' 



85.40 76.05 329, c 
126. 1. iio.s. 464.^ 
,.73-00162.70675.3 
136,93 127,33521.1 



958538.01465.9 

8251496.0437, 

3371486.0,429. 

784,492 

471,513 

123-484.4 

495l45' ' 



; I ■ 



407.9 



430.7 



I05.935'54i-o'474-0 
126,6971501.0,440.5 
164,0831503,01436.6; 
207,744;5O2.oJ439,3' 
122,1841517.0454.3. 
'57. 37i!494-0 4»8.7: 
I07,6ai489.0j424,4; 

124,196530.0450.1 
184,708,470.0412.6 
246,458464.0407.2 



HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 
TablB i8. — Engine perjormantx — Continued. 
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C.E. 


ToUL 




1 


B 
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1 


1 


i 


llic-5 


1 


1 


















X, 


1 


islsa 


5 


I 
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B 






< 





< 




~ 


* 


itie 


101 


108 


lOB 


no 


111 


~^ 


m^ 


114 


IIS 


"777 


117 
















Lb.. Lb,. 




i 1 






48 


?o-6-i8o 


83.71 


78.0s 


86.40 


85.91 


334. 07, '5-44 18.79 




164,6171142,775,492.7 


427-4 




49 


jo-8-i8o 


103.55 


96 


34 


104 




i07-93;4ii.702S.9i 19 


64 




206, 793 


178,796:502.2 


434 






50 


20-10-iSo 


123,03 




40 




13 


136.89494.44 .■-■JO 


38 
















5" 


30-3-180 


56-97 


59 


08 


60 


84 


58,86 


335-15 26.54 19 


28 






104, 947 


517-8 


445 






5» 


30-4-180 


77.03 


78 


06 


89 


Bo 


73-07 


317-1525-3618 


38 




• 55.986 


135.300 


490.5 


426 






53 


30-6-180 


95.78 


94 


68 


108 


33 


94^48 


393 ■a? 24-62.18 


84 




187,093 


i6r,255 


475-0 


410 






54 


30-8-180 


"34 -40 


'31 


64 


136 




144. JO 


546.36,24.61,19 


33 




260, 293 


223,808 


476.5 


409 






55 


30-10-180 


167.13 


153 


31 


160 


60 


182.73 


663.77 




46 
















56 


40-2-180 


5'. 78 


73 


74 


68 


95 


64.66 


259-13 


25.8919 


05 




130,004 


113,314 


477-6 


433 






57 


40-4-180 


9^-45 


93 


55 


106 


79 


93-38 


.?86,i8 


24.08 18 






180, 963 


155. 450 


468.0 


402 






58 


40-&-180 


il6.76'l38 


og 


13J 


81 


136-43 


52-V-08 


23.6818 


74 




240,941 


206, 287 


459-7 


393 






59 


40-8-180 


i53.66;i46 


43 


•54 


S8 


154-94 


609.9';2S-83;i9 


63 




30s, 058 


260,5661500.1 


427 






60 


40-10-180 


189-94 


177 


34 


187 


38 


207.40 


761.96 ....!3l 


17 














61 


50-2-180 


60.61 


68 


13 


74 




65 05 


268.02ll6.61 




63 




i 38.' 777 


119.506 


5172 


445 






61 


50-4-.80 


93.19 




33 


107 


37 


107.58 


410.62:24.43 




16 




'95.685 


167. 367 


475-2 


407 






63 


50-6-180 


129.24 


136 


27 


141 


14 


'46.65 


553-3024.87 




4; 




266, 663 


227, 794 


481,8 


4" 






64 


50-8-iSo 


171.62 


157 




175 


89 


187.38 


692.00 






















65 


60-4-1 3o 


107.04 


97 


99 


114 


67 




440.11 






'5 
















66 


6o-6-l8o'i44-37 


132 


48 


160 


o8'l63.26 


600.19 






63 
















67 


20-4-160 


56.75 


49 


87 


55 


59 


57^3ilii9-5i 


38. 03 




61 


T^ 


117,708 


103,052 


SSSTq 


469 






68 


20-6-160 


76.04 


67 


77 


74 


84 


79.76:298.41 


26.14 




72 


3-20 


149,343 


130, 537 


500.4 


437 






69 


30-8-160 


86.03 


79 


55 


89 


27 


90.20345.05 


27.52 




17 




183.020 


158. 183 


530.5 


458 






70 


10-10-160 


112.47 




36 


109 


65 


125.03 449 ■SO 






86 
















71 


30-4-160 


69.16 
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,1873 


.2161 


.23180.8404 



HIGH STEAM-PRESSURES IN LOCOMOTIVE SERVICE. 



TablS lo. — CyUnder performanft. 





— ■ 








11 II III 


1 


H 




Ricbt Bide. 


Left Bde. 1 ^„ 


°4 'mi 




1 


, Toul. ,| i 
II. H. C. E. X\S 


F 




. . , . . 






» 


12H ; 1^0 


ISO 131 13» 133 1 134 


... .„l .=, 


ISB 




1 1 1 1 Lbr \ Li,. \ \ \ 


Lti. 


Lfti. 


I J0-I-I40 


0.07710.07080.07850,07190.2982 1.2819,1,5801 61.068.70.1217 


2.4958 


la. 20-3-140 










a 20-4- III 


.0667 .0621 .0666' .0629; .2583 1.6940 1.953364.7 7i 
.06381 .0597 .05961 .0634' .2465 1. 93002. 176570. 379 




.1414 3.1133 


3 1 20-6-140 
■W' 20-6-^40 





.18483.3000 


■4 1 20-8-240 


■ 0561I .0571 .ososi .0587' .1219 


-1 


.09730.9957 


5 3'>~2-!4' 


.086B .083H .0869 .I036I .3601 1.07901. 439".68.7'75 


o| 


.o894'a-"io 


sal 30-2-340 






.... 1 .... 


6 1 30-4-24. 


.oSi8| .0803' .0818I .0818 .3257 "■3"20i!637768.6'76 


7' 


.1328 3.4700 


7 1 30-6-J40 


.0677 .0709' .0702, .0698' .2786 1 ,.. 




.1252 I. 8619 


8 411-2-140 


.0934; .0R94 .0922 .0875 .36250.87351.236069.577 


7'. 


.10162.8105 


9 1 40-4- ?40 


.08M .0850 .0891. .0905 -3.^32 1.15651. 5097 7i-4'79 


3 


.I2I3;3.4700 


10 ] 4()-6--24> 


.0978 .0973 .0919 .0846 .3716 1 , 




.log I 2.0055 


11 5<>-i-?40 


.0936 .09841 .0995 ,0929 .38440.78011.164570.778 




.O89OJ2.849O 


12 1 ,V>-4-i4n 


.1050' .0876 
.07 58 .0745 


.0941 .0920 .37B7' , 1 1.. 


. 


,03940.9061 


13 1 30-2-2 20 


.07631 .0721, .29871.3038,1.6015156.964 


5 


.I203;2.7382 


.4 20-4-320 


.07141 .0700] .0671: .06851 .1770,1.5110 1. 788o]64. 370 


8 


.11611.9911 


15 20-CWIO 


.ofisil -0679, .0603' .0613I .2546,«-8839'».l385l68.672 


8 


.08691.1769 


16 20-8-220 


,064(1; .0.S6KI .0564 .0558J .23362.349612.5832171.276 
.0861I ,0808, .0822' .0965I .34.S6o.97i6,i.3i82|63.8|70 


9 




.7 3<w-"o 


6 


.0891 1.7350 


18 ' 30-4-220 


.0775' -0772 .0773' -07611 .308(1.22251.530672.976 


5 


,0541 1.0624 


19 30-6-220 


.0741 .0784 .0730, .0719, .2985, l-5o33'i-8i68;73. 878 




.08001.2549 


20 30-8-220 


■0750 .0593 .0648' .0690! .268il .... 1 






.05470.6974 




.0934 .0857 .0941I .0837I .357o;o.8iioi.i68o 


7'. 775 




.07693.4257 


J I 40-4-220 


.0907I .0792 .09821 .11291 ,3809:1.03*01,4131 


71-777 




.07401.6990 


»3 40-6-2^0 


.0869 .0797I .0801I .o8t2. .3299' .... 






■ 0733 I ■3815' 


14 50-1-2 lO 


.0923; .0935' .0947' .0887: .36920, 6819,1. 0511 


7" -075 


7 


.04SI 1.8545 


15 1 50-4-220 


.0924 .0913I .1040I .0919I .3796:0.92701.3066 


74-078 


3 


.05641.4663 


26 5'>^l-s^o 


.0975, .09171 .0858, .0831, .3581 .... .... 


...... 




.0553 i-"035 


27 1 60-4-220 


.1012, .0991 .0917, -0949, .3869 .-.- 1 .... 


....|.. 




.0815 12,3548 


28 , 60-6-220 
19 , "20-2-2"o^ 


.1143 -1021I .1017' ,1033' ,4214! .... i 






-06761.4974 


.074H' .0728 .0752 ;o68"5 .2913 10865:1. 3778 


60.0 68 


7 


.1193:3.1160 


30 


20-4-200 


.06921 .07041 .06571 -06361 . 2689,1. 397j!i. 5668,64.7170 


5 


.0893II.8065 


31 


2CH>-2O0 


.0592. -0597' -0544 .0590, .33231-67301.907369.875 


5 


.110311,7130 


32 


20-8-200 


-0597 .0594 .0529 .0540 . 22603. I325'2.358s'72.7l75 




.05980.7378 


33 


3O-2-2O0 


.0832 .0810, .0831I .0755I -32280.828811.1516:66.1173 


9 


.0784 3.5524 


34 


30-4-200 


.07451 -0715, .0710, ,07051 .38751.075611.3631,68.777 
.07:6 .0682; .0702 .0706I .280611. 38961. 6702'72. 175 


5 


.12033.8700 


35 


3O-&-200 


5 


.0583 1.0433 


36 


30-8-200 


-0744' .07301 .0602, .0737; .2813' 1 .. 






37 


40-2-200 


.0923. .0845 .08771 -0857 .3501,0.7053 :.0554'68. 375 




.0738'2!8i36 


38 


40-4-200 


.0B56, .0805 .0822, .0803I .32860. 9471. 1. 2757I72.0 


78 




.07863.0468 


39 


40-6-200 


.08411 .o838| .0754 .0779 -3202'i. 3658, 1.5860174-0 


76 


9 


.047410.9147 


40 


40-8-200 


.0868; .07981 .078o[ .0864I .3310! .... 1 .... |.... 






.05260.8500 


41 


50-2-200 


.0906 .0854 


-0939I -0913I .3612,0.58000.941373.0 
.0893; .0853 . 35430. 8183I1. 173670. 8 


79 


3 


■ 0591 2.6440 


4* 


50-4-200 


.0939 .0858 


76 




.0624 1 .9606 


43 


50-6-200 


.0930 .0811 


.0800 .0881 .3422 








44 


60-4-200 


.0935 .0887 


■0916 .0853 -3581 .... 






.0677 2.2773 


*s_ 


60-6-200 


.1092 .0904 


.0949 .0903! .3847 .... 1 






.056a 1.491a 


46 


lo-a-iSo 


.0731 .0659 


.07M .0680 .277i|o.947»|<-"43|62.7 


75 


3 


■•457 


4-4555 


47 


ao-4-ieo 


.0634 -0579 


.0639 .0636 .3506,1.20161.452263.9 




3 


.1321 


;."fl 



HIGH STEAM-PRSSSURBS IN UXMMOTIVIS SERVICB. 
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C. E, H. B. C, 



Kl 



% 



134 13S 1,1« 



III 



30-3-1 Boj 
30-4-180 

30-8-180 

I 30-10-1 Bo 

40-3-1801 
40-10-180 
50-1- I 80 
50-4-1 80 1 
50-6-180 
30-8-1801 
60-4-180 
66-6-1 Bo 



.0598 o.055» c 
.0538 .0481 
.0466, .0503 
.0745. .0683 



67 i 20-4-160 

68 ,1 20-6-160 
6q I io-S-160 
JO 10-10-160 

' ! 30-4-160 
i \ 30-6-160 

i3 i 30-8-160 

74 30-10-160 

75 ,30- "-"60 

76 I 40-4-160 

77 I 40-6-J60 

78 I 40-8-160 

~T 40-10-160 

I 50-4-160 

50-6-160 



.0874 -07 '4 

.0806, .0719 

.0749, .0687; 

.0789 .0720J 

.0747 .0731' 

.0869 .0809' . 

.0861 .0776I . 

.o3Bo .0789! . 

.ogoi -0770! . 

.102a .0854I . 

■ 996 -OQIsi - 



.29000.7105,: 

.i997|0-9'75 1 
■2557!i.i05o|i 
[.54801. 



S737jC 

0.79401 

06731 

3354J' 



I 

Lti, 



.0654J ■O661I . 

.0587 .0647 

.0508 .0478I . 

.0455, .0437, . 

.0717; .07011 . 

.0670; .067s' . 

.06351 -0613; . 

.06.18, .0586; . 

-0555, .0544 ■ 

.0780 .0806 . 

.0758] .0705 

.0801 1 .0S4J 



• 00057' 
.JJ7170 

■360775, 
■789ij77. 

'8951,74' 
.1017,75. 
■359077. 



3.8281,76 
"■017777 
1.2639I76. 



as " 

86 



50-4-13 
,^ S0-8-M 
96 50-1 i-ij 



0608 


.0649. 


0491 




046; 


.0403 


072s 


.0688 


0«.7 


■0559, 


04 St 


■0451 


0741 


.0772 






owt 


.0698 


0801 




077^ 


,0698 


06st 


.0614 


0761 


.0692 



■073a, 

. ■0755! 

.0635 .0663 

.0S43 .08611 

-0753 ■0773 

.0709 .0628: 

.0850 .0762 1 

_^0795 .0788 

.0659 .0638 

.048 J .0475 

.03781 .0390 

.0627, .o67r 

■0539| .0559 

.0450 .0453 

.0765] .07441 

.0576 .05881 

-054s .0560 

.07071 .0765 

.0660 .06891 

.0602 .0648 

.0644 .0671 



..0289 
'-^543 

'-5'47 



■3377! 

.2553 0.74501 

i.i3» i" 



■5973< 



.07Jt 

.78131 
'■4747 < 
'■91451 

■3503 : 
0.4074) 

.823JJ 

,09361 



.4267171 
■9343 78 

.a634|66. 
.294471, 
.9626^83, 

■ 7770,70. 
.158876. 
-5904183 
.718172. 

■ 105379 
.3867186 



Lb,. 
J. 1060 1.S601 
■097a I „ 
^383.0.3365 
■0944I3.5300 
.10052.7615 
1.7630 

.oi79|o.37sa 
.07413-3500 
■0753. i " 
.0859 1.9030 

3703 I -36" I 
.03600.5556 
.06683.6400 
.06402.2706 
.0536 1.4090 
.0170,0.359a 
.06902.7495 

OJ.W0.7303 

7701 
6930 
0.8960 
3.2400 
-49>3 
■5104 
■5737 
-5767 
.9013 
■3153 
■3094 
0.9580 
1.442 
'■0453 
1-9643 
2.4181 
'-34S8 



.0685 
.0764 
■0653 
.0805 
.0369 



.04121. 
-O339 0.577« 
.07134.: - 

12140.6771 
-03540.747s 
.066915.5500 
" l.3>6o 
-0453 >. 
.0557I3.1974 



Ii8 
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Table 21.— 


Performance of the locomotive as a whole. 










Devgnation of tests. 


Locomotive perfonnance. 


• 






1 
Dynamom- 


Machine friction. 


Steam 


Coal 
per 


^ 


Laboratory 
symboL 


Draw-bar 
pull. 


eter 
horse- 








r^f 


a 




Percent 


Horse- 


D. H. P. 


D.H.P. 
per 


9 

1 






power. 


M. £. P. 


I. H. P. 


power. 


per hour. 


hour. 


2 


139 


140 


141 


14S 


148 


144 


145 






Lhs, 




Lbs. 






Lbs, 


Lbs, 


I 


20-2-240 


4690 


242.41 


7.41 


12.31 


34.04 


29.99 


3 


.87 


la 


20-2-240 


• • • • 


• • • • 


• • • • 


• • • • 


• 


> • • 


• < 


1 • • 


• 


• • • 


2 


20-4-240 


6690 


357 . 59 


7.36 


8.90 


34 


93 


27 


77 


3 


63 


3 


20-6-240 


7626 


405 • 02 


13.16 


13 30 


62. 


08 


27 


77 


5 


.01 


30 


20-6-240 


• • • • 


• • • • 


• • • • 


• • • • 


• 


» • • 


• 


• • 


• 


* m • 


4 


20-8-240 


• • • • 


• • • • 


• • • • 


• • • • 


• 


1 • • 


• 1 


• • 


• 


• m • 


5 


30-2-240 


4554 


364 04 


1.02 


i.95 


1' 


25 


25 


99 


3 


.35 


50 


30-2-240 


• • • • 


• • • • 


• • • • 


• • • • 


• 


» • • 


• • * 


* • 


• 


B • • 


6 


30-4-240 


4897 


391.08 


II. 21 


16.90 


79 


56 


29 


39 


4 


.68 


7 


30-6-240 


• • • • 


• • • • 


• • • • 


• . • • 


• 


1 • • 


• • < 


1 • 


• 


» • • 


8 


40-2-240 


3370 


358.46 


6.70 


15.00 


63 


32 


28 


42 


3 


92 


9 


40-4-240 


4259 


453.45 


12.06 


19.90 


112 


80 


29 


.80 


4 


.81 


10 


40-6-240 


• • • • 


• • • • 


• • • • 


• • • • 


• 


> • • 


• 


1 • « 


• 


• • • 


II 


50-2-240 


2979 


404 -73 


6.02 


1300 


60 


77 


28 


.73 


3 


.61 


12 


50-4-240 


• • • • 


• • • • 


• • • • 


• • • • 


• 


> • • 


• 


• • • 


• 


• • • 


13 


20-2-220 


4431 


234 -73 


1 4.37 


8.06 


20.60 


30 


16 


3 


.55 


14 


20-4-220 


Engine 


on blockii 


Ig. 










15 


20-6-220 


Engine 


on blockii 


™g. 










16 


20-8-220 


9190 


491.63 


8.68 


7.76 


41.39 


28.04 


423 


17 


30-2-220 


3360 


268.42 


7.31 


16.20 


51.90 


31.75 


4 


.08 


18 


30-4-220 


4764 


380.86 


9.38 


14.92 


65.63 


28.14 


3 


.86 


19 


30-6-220 


6239 


499.14 


8.50 


10.78 


60.35 


26.43 


3 


•74 


20 


30-8-220 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• « • • 


9 


• • • 


21 


40-2-220 


2927 


312.97 


6.14 


15.70 


58.49 


30.37 


3 


.88 


22 


40-4-220 


3963 


406.20 


10.87 


20.20 


102 .87 


29.68 


3 


.95 


23 


40-6-220 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• 


• • • 


24 


50-2-220 


2255 


300.24 


6.71 


20.70 


78.55 


23.18 


4 


.35 


25 


50-4-220 


3617 


481.62 


6.81 


14.34 


80.67 


28.07 


4 


.17 


26 


50-6-220 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• 


B • • 


27 


60-4-220 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• 


> • • 


28 


60-6-220 


• • • • 


« • • • 


• • • • 


• • • • 


• • • • 


• • • • 


m 


• • • 


29 


20-2-200 


3571 


189.64 


7.18 


15.20 


33.83 


33 38 


4- 


08 


30 


20-4-200 


4943 


262.21 


5 37 


8.80 


25.41 


28.79 


3 


85 


31 


20-6-200 


6309 


337.07 


7 95 


10.30 


38.75 


29.01 


4. 


38 


52 


20-8-200 


8375 


445 50 


5.86 


580 


27.40 


27.93 


3. 


73 


33 


30-2-200 


2965 


237.41 


4.43 


11.70 


31.54 


30.66 


3. 


94 


34 


30-4-200 


3847 


307 . 40 


8.37 


16.20 


59.69 


30.69 


4. 


39 


35 


30-6-200 


5380 


430.09 


8.33 


12. 09 


59.12 


28.33 


3. 


87 


36 


30-8-200 


• • • • 


• ■ • • 


• • • • 


• • • • 


• • • • 


• • • • 


• • 


• • 


37 


40-2-200 


2257 


240 . 46 


6.97 1 


21.50 


66.12 


34.27 


4- 


28 


38 


40-4-200 


3622 


386.13 


6.59 


13.90 


62.75 


28.68 


3. 


82 


39 


40-6-200 


• • • • 


• • • • 


• • • a 


• • • • 


• • ■ • 


• • • • 


• • 


• • 


40 


40-8-200 


• • • • 


• • • • 1 


1 
• • • • 1 


• • • • 


• • • • 


• • • • 


• • 


• • 


41 


50-2-200 


1799 


239.49 


7.56 j 


27.20 


89.56 


35.73 


4. 


44 


42 


50-4-200 


3434 


458.02 


560 


X.43 


6.40 


26.14 


3. 


45 


43 


50-6-200 


• • • • 


• • • • 


• • • • 1 


• • • • 


• • • • 


• • • • 


• • 


• • 


44 


60-4-200 


• • • • 


• • • • 


• • • • 


• • • • 


• • « • 


• • • • 


• • 


• • 


45 


60-6-200 


• • • • 


• • • • 


• « • • ' 


• • • • 


• • • 


■ • • • 


• • 


• • 


46 


20-2-180 


2814 


150.47 


8.74 


21.61 


41.49 


36.71 


4- 


86 


47 


20-4-180 


4195 


224.50 


8.22 


14.83 


39.09 


31.42 


4.26 
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TablB 21. — Performance of the locomotive as a whole — Continued. 






Designation of tests. 


Locomotive performance. 


• 

1 






Dynamom- 


Madiine friction. 


Steam 


Coal 


Laboratory 
symbol. 


Draw-bar 
imll. 


eter 
horse- 








v^^kV 


per 


S 




Per cent 


Horse- 


per 
D. H. P. 


D. H. P. 
hour. 


2 






power. 


M. E. P. 


I. H. P. 


power. 


per hour. 


1 


S 


139 


140 


141 


149 


143 


144 


145 






Lbs. 




Lbs. 






Lbs. 


Lbs. 


48 


20-6-180 


5377 


287.33 


9.89 


13-99 


46.74 


29.58 


4-17 


49 


20-8-180 


6900 


268.60 


9.08 


10.47 


43.10 


28.94 


4. 


36 


50 


20-10-180 


• • • • 


• • • • 


• • • • 


a • • • 


• • • • 


■ • • • 


• « 


• • 


51 


30-2-180 


2179 


174.92 


8.48 


25 70 


60.83 


35-77 


4. 


24 


52 


30-4-180 


3283 


261.05 


8.05 


17.90 


56.95 


31. 00 


4- 


45 


53 


30-6-180 


4188 


334 48 


8.26 


14.90 


58.79 


28.95 


5. 


00 


54 


30-8-180 


5856 


470.15 


10.74 


13-90 


76.11 


28.60 


5- 


33 


55 


30-10-180 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• • • • 


• ■ 


• • 


56 


40-2-180 


1726 


181.57 


8.20 


29 93 


77 56 


36.90 


4- 


34 


57 


40-4-180 


2890 


308.54 


8.18 


20.09 


77.61 


30.15 


3. 


73 


58 


40-6-180 


4039 


427.88 


10.31 


18.36 


96.20 


28.98 


4. 


94 


59 


40-8-180 


5142 


553 • 30 


5-95 


9.28 


56.61 


28.50 


5. 


22 


60 


40-10-180 


• • • • 


• • • • 


• • • • 


• • • • 


• • ■ • 


• ■ • • 


a 1 


■ • 


61 


50-2-180 


1305 


173 80 


7.96 


35-13 


94.18 


40.47 


4 


82 


62 


50-4-180 


2249 


298 . 89 


9.48 


27.21 


111.77 


33-56 


4- 


27 


63 


50-6-180 


3355 


453.44 


8.35 


18.11 


99.96 


30.36 


4- 


57 


64 


50-8-180 


• • • • 


• • • • 


• • • ■ 


• • • • 


• • • • 


• • a • 


• 


• • 


65 


60-4-180 


• • • • 


• • • a 


• • • • 


• • • • 


• • • • 
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APPENDIX III. 



DATA CONCERNING LOCOMOTIVE BOILERS. 

For the purpose of securing information concerning the weight of boilers 
designed for different pressures and for different capacities, the assistance of 
the Schenectady Locomotive Works, as represented by Mr. J. E. Sague, was 
sought and generously given. The following from the correspondence shows 
the nature and extent of the information request. 

I. Weight of boilers for different pressures. — Locate the general lines of a 
representative radial stay, moderately wide fire-box boiler having 2000 feet 
of heating-surface as shown by fig. 120. By general lines of the boiler is 
meant the outline and dimensions without any reference to thickness of 
plates or character of joints. Making use of this outline, the following 
information is desired: 

(a) Weight of complete boiler when designed for 160 pounds pressure. 
(6) Weight of complete boiler when designed for 190 poimds pressure. 

(c) Weight of complete boiler when designed for 220 pounds pressure. 

(d) Weight of complete boiler when designed for 250 pounds pressure. 

(e) Cubic feet of water when filled to middle gage. 

(/) Cubic feet of steam space when the water is at middle gage. 

An alternative plan. — If the data on file should be sufficient, it is possible 
that work can be saved and the information desired obtained by plotting the 
weight per foot of heating-surface of certain existing boilers in order that the 
relation between weight of boiler and the pressure to be carried may be shown. 
This is the relation which it is desired chiefly to establish. 





2. 



Fig. 120. — Proportions of boiler accepted as typical for purposes of comparison. 

Weight of boilers for different capacities. — Design four boilers for a 
steam-pressure of 160 pounds, all to be of the same type and to agree in 
general layout with the boiler covered by paragraph i, except that in this 
case the following information is required. 

(g) Weight of boiler having approximately 2000 feet of heating surface. 
(h) Weight of boiler having approximately 2500 feet of heating surface. 
(i) Weight of boiler having approximately 3000 feet of heating surface. 
(;■) Weight of boiler having approximately 3500 feet of heating surface. 
(k) Cubic feet of water in each of above boilers when filled to middle gage. 
(/) Cubic feet of steam space when the boiler is filled to middle gage. 
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Explanaiion. — ^The information asked for under paragraphs i and 2, when 
taken in connection with results from the laboratory, should permit a logical 
development of the question as to whether it is better to build larger boilers 
or stronger boilers when it is desired to increase the power of a locomotive. 

3. Cylinders. — ^The diameter and weight of cylinders, including pistons and 
valves which could be employed in connection with a boiler having 2000 feet 
of heating-surface, assuming the boiler to carry each of the following pres- 
sures: (m) a pressure of 250 pounds; (n) a pressure of 220 pounds; (0) a pres- 
sure of 190 pounds; (/>) a pressure of 160 pounds. 

Explanation. — ^The ptirpose of this information is to determine the saving in 
weight of the machine parts resulting from the use of high steam-pressures. 

The response to this inquiry, as prepared by Mr. F. J. Cole, mechanical 
Engineer, assisted by Mr. C. D. EMferty, covered the following particulars: 

The information requested is covered by the several tables accompanying, 
values for which were obtained as follows : 

For table 23 the boiler used on order S-155 was taken as a basis and tubes 
were made 14 feet long. 

The actual weight of the boiler b was known as designed for 190 pounds 
pressure. The weights for the other pressures were obtained by figuring the 
change in weight of boiler parts as thicknesses were modified to suit the various 
pressures, subtracting this change of weight from boiler b for boiler a and add- 
ing it for boilers c and d. 

The volume of the water was figured from actual weight in boiler 6 at 190 
pounds pressure with two gages and approximate corrections made for varia- 
tions of sheet thicknesses in boilers a, c, and d. Steam volumes were obtained 
by multipljdng the area of segment of circle above water line in second ring 
by the mean length of steam space. The volume of dome was neglected as 
balanced by bracing, etc. 

Verbal request was made for the addition of the column of ratios showing 
weight of boiler per square foot of heating-surface and a comparison of this 
figure with that of a number of boilers of similar type. 

Satisfactory figures for the latter part of the request can not be given except 
as special boilers are chosen because of the large variation in the percentage 
of heating-surface involved in the tube area. The boilers of engines 5377 and 
5508 are examples. They carry the same pressures, have same diameter 
fiirstring; 5,377 is 11.66 and 5,508 is 19.57. 

TablS 23. — Boilers for different pressures. 
[See fiff. 120 for general design.] 
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APPENDIX IV. 
AN EXHIBIT OF TYPICAL INDICATOR DIAGRAMS. 

This exhibit consists of cards representing eight different tests for each 
of the several pressures. The diagrams are designed to be accurate repro- 
ductions at full size of actual cards as taken. 
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BMGa STSAM-PR8I5I7KSS IX UXOmomYH S8KVIC8. 




Spked 50 MnJEs fee Hoes 




Speed 80 Miles per Houb 




Speed 20 Miles per Hour 

>iLER Pressxtre 240 Pounds. Reverse Lever 4th Notch from Center 

Forward. 



HIGH STEAH-PRBSSURES IN LOCOMOTIVE SERVICE. 



127 



\ 



\ 



c:l 



L^^a«i»a 




Bevbrsb Lever Eighth Notch from Center Forward 



^>^ --— '^' 
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Reverse Lever Sixth Notch prom Center Forward 




Reverse Lever Fourth Notch from Center Forward 




Reverse Lever Second Notch prom Center Forward 

Boiler Pressure 240 Pounds. Speed 30 Miles per Hour. 
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HIGH STBAlf-PSSSSUKSS IX UXX>lfOnVB S8KVICS. 




Hock 




Speed 50 Miles per Hour 




Speed 40 Miles per Hour 




Speed 20 Miles per Hour 



Boiler Pressure 220 Pounds. Reverse Lever Foxtrth Notch raoM Centi 

Forward. 
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Reverse Lever EraiiTii Notch from Center Forward 




Reverse Lever Sixth Notch prom Center Forward 
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Reverse Lever Fourth Notch prom Center Forward 




Reverse Lever Sixond Notch from Center Forward 

BoiLKU Pressure 220 Pounds. Speed 30 Miles per Hour. 
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HIGH ST8AH-PR0SSURES IN LOCOMOTIVB SBRVICS. 




Speed 60 Miles per Houb 




Speed 50 Miles peb Houb 




Speed 40 Miles per Hour 




li 



Speed 20 Miles pee Hour 

Boiler Pressure 200 Pounds. Reverse Lever 4th Notch from Center 

Forward. 
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Reverse Levek EiaiiTii Notch from Center Forward 



Reverse Lever Sdlth Notch from Center Forward 




Reverse Lever Fourth Notch from Center Forward 
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Reverse Lever Second Notch from Center Forward 

Boiler Pressure 200 Pounds. Speed 30 Miles per Hour. 
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Speed 20 Hn.us per IIuur 
Boiler Pressure 180 Pounds. Reverse Leveh Foueth Notch fbom Center 
Forward. 
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HEVEitsE Lever Sixth Notch from Center Forward 




Reverse Lever Fourth Notch from Center Forward. 




Reverse Lever Szcond Notch from Center Forward 

Boiler Pressure 180 Pounds. Speed 30 Miles per Hour, 
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HIGH ST8AM-PR9SSURES IN LOCOMOTIVB SBRVICB. 




Sfbsd 60 H1LB8 FBB Hour 




Spbbo (M) Mtues rsR Houb 




Speed 40 Miles per Hour 




Speed 20 Miles per Hour 

9iLEa Prsssubjs 180 Pounds. Reverse Lever 4th Notch from Center 

Forward. 
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Reverse Lever Tenth Notch from Center Forward 




Reverse Lever Eighth Notch from Center Forward 




Reverse Lever Sdlth Notch from Center Forward 




Reverse Lever Fourth Notch from Center Forward 

Boiler Pressure 160 Pounds. Speed 30 Miles per Hour, 
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HIGH STBAM-PRBSSURBS IN LOCOMOTIVE SKRVICB. 




Speed 50 Miles per Hour 




Speed 40 Miles per IIour 




Speed 80 31ile3 per Hour 




Speed 20 Miles per Hour 

I.ER Pressxtre 120 Pounds. Reverse Lever 4th Notch from Center 

Forward. 
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Reversb Lever FouRTEENTn Notch from Center Forward 




Reverse Lever Eioiitu Notch from Center Forward 




to 



Reverse Lever Fourth Notch from Center Forward 
Boiler Pressure 120 Pounds. Speed 30 Miles per Hour. 
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